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METHOD OF GENETIC MODIFICATION OF A WILD TYPE VIRAL 
10 SEQUENCE 

Field of the invention 

The present mvenrion is related to a method 
of genetic rp.odi f icat ion of a wild type viral sequence^ for 
15 reducing or suppressing deleterious propercies c^f plants or 
olanc cells cransformed by said wild n\pe viral sequence. 

The present invention is also related to zhB 
modified viral sequence obtained by said method, and to the 
Dlant and the piano cell com.prising said modified viral 
2 0 sequence. 

Background of the invention and state of the art 

The widespread viral disease of the sugar 
beet nlant ( Seta xr^^iaaris ) called Rhizomania is caused by a 
25 furovirus, the beet necrotic yellow vein virus (BNYW) (1, 
2) which IS iransm.itted to the rccc of the beet by the 
so 11 borne fungus P c 1 } tt \ 'xa b e t a e ' 3 . 
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^ 1986 number of reports and 
Since lyoD, 

... of isolated viral 

,= ViP^ve described tne ui^c 
publications have ^^^^^^ ^ ^.^^ 

1 otidic sequences expressed m plants 
nucleotidic seq ^ 3pecific infectious virus or 

^ prance against a speci^-t 
level of toleranc ^ ^ resistance against 

-F^T- b-oad spectrum type o^ 
5 even to confer a b.oaa . one of the most 

^ v^i^rpd viruses lb; ^/ • 
a number of related ^^^^^..^ 

documented viral resrstance —^'^ 

■ „ in many cultivated species such a P 
engineerrng, m Y 

sauash, cucu^er cr tomato, t 

. seauence which under tne control o- P 
10 nucleotidic sequence ^..^te^n o£ the target 

regulatory elements, encodes the coat-p-ote-n 

virus (9). _ r^^Aip^^&d resistance, 

However, in coat -protein mediated 

. a certain level of resistance in tne 
the expression o. ^^^^^^^^ 

,S transgenic plant m^ ^ ^ ^^^^^^^ „„t necessarily 

mechanisms such as K!^^ 

.c the production of the protein -.uence 

^•,^=,1 th^ virus ^.equeno^ 
In general, tn- 

^,.at- cell or tissue culture or .he 

-in an aocroprxate cex^ . . 

- , ^gromctszium meaia.eu 

20 plant species using ^ ^^^^ ^^^^^^^^ ^^^^.^^^ 

transformation — ^ ^^^^^^ ..,,.re or cell 

--^^"^ rVcTc n - successfully applied m a given 
culture method which can b ^^^,„,,,,ed and the 

3pecies. . Whole plant ^ 

^bp t^ansgene will oe d 
25 expression of the t- . recalcitrant 

Though sugar beet is known as 
, culture, limiting the extent of prac.-cal 

species m cei. ^„ ,,,, species, there are 

genetic engineering app-i transformation and 

numi.er of isolated reports =u . ^ 

..„^ of whole plants ',33). A 
30 regeneration transforming anc 

engineering tolerance -o ^.^^^ ^.^^^^ 

e^P^essmg the BKYW coat-prote-, sec>- 
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beet genome have also been published (11, WG51/13159) 
nhough they rarely report data on whole funotional 
transgenic sugar beet plants ;12). In particular, reports 
show limited data on the level of resistance observed in 
5 infected conditions with transgenic sugar beet plants 
transformed with a gene encoding a 3NYW coat -protein 
sequence (13, 14) . 

A complete technology package including a 
sugar beet transformation method and the use C)f the 
10 expression of the BNYW coat-protein sequence as resistance 
source m the transgenic sugar beet plant obtained by said 
transformation m.ethod has been described m the Patent 
Application W091/13159. 

Based on the information published^ it can 
15 not be concluded that the coat-prDtem miediated resistance 
mechanism, provides any potential for conferring to the 
sugar beet plant a total immunity to the BNY\''V- infection by 
inhibiting completely the virus multiplication and 
diffusion m.echanisms. To identify a resistance mechanism. 
20 which significantly blocks the spread cf the virus at the 
early stage cf the infection process would be a m.a^or 
criteria of success to develop such a transgenic 
resistance. In addition, such resistance would diversify 
the mechanism.s of resistance available. 
2 5 Because the disease is shown to expand m 

man\' count ri es or areas, at a speed depending upon the 
comLbmation of numLercus local environmental and 
agricultural factors, there is a m.a "^i o r interest t o 
diversification! and improvemeni of the genetic resistance 
30 mechanism.s which ma\\ alone cr m combination, confer a 
stable and lone last mo resistance strateo'/ m toe current 
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for indu^crial use. ^^^^ ^^^^ 

The genome or oetiL, 

■ ..f five Dlus- sense RNAs , two of 
furovirus (BNYW) consists of five plu 

S ..ic. (K..S . an. . enco.e functions -sen^.a. - 
... S) a.e i.pl.cate. m vecto.-.eaiate. infection 

^ a set of three successive, slightly 

is aoverned by a set ^ . ^ „^ 

: ■r.a viral genes on RNA 2 known as the triple gene 
10 overlapping viral ge. proteins 
,,,,, ,,CB), Which encode, m oraer, the viral p- 
^^^^ ,,3 p.s (gene products are designated oy their 

calculated m kilodalton) . 

,he following description, the TGB genes 
IS and the corresponding proteins will be identified by the 

TGB-2, TGB-3 or by their encoded 
following terms : T.^B ^^^^ 

■ number -42 P13 and P15. TGB counterparts are 
viral protein number -42, i^i 

other furoviruses and m potex- , c.rla 
present: in ot^iici ^v^^ir^o^^H 

1C,. 20, 21 and 22) . In the enclosed 

.0 Zl . ar. represented viruses having a TGB-3 sequence, 
20 table 1 ar. - P ^^^^^^^^ ^^^^^ ^^3, 

the molecular weight o. TGB 

and references. independent 
It has been shown previously .hat ma . 

■^=1 RKTA replication species 
..r, of P15 from a viral-RNA repx 
exo'^ession or fj--^ - ■ ■u'v.^f-o 

^ ■ ^rom BNYW RNA 3, inhibits 

"rpoiicon", derivea from tiiNiv 
25 known as a rep-ic ,,ii_to-cell movement 

xnfection with BNYW by interrering cell 

■ , = r-ns comprising a 

in order to introauce a ^..rus 

0'=" 1 or a plant, 
1^^^ P-id sequence into a plc^n. c^_i 

T^T^-^, nucleic acx^^^^'^ 

^^o>^^-e a nucleic acia 
r^vonos^d to incorporate cx 

.aid TGB-3 nucleic acid sequence 
construct comprising, sai^ 
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operably linked to one or more regulatory sequences active 
m said plant (W09S/C7S75) . 

However, while expression of wild t\"pe TGB-3 
viral sequence m a transgenic plant allow^s the blocking of 
5 said viral infection, the presence of said wild type 
sequence may induce deleterious effects on the agronomic 
properties of transformed plants or plant cells. 

Aims of the invention 

10 The present invention aims to provide a new 

method for inducing a genetic modification of a wild type 
viral sequence involved in the multiplication and diffusion 
mechanisms of virus infecting plants, in order to reduce or 
suppress the possible deleterious effects upon plants or 

15 plant cells transformed by said viral sequence. 

Another aim of the present invent ion is to 
provide a method to obtain such a modified viral sequence 
which blocks virus infection when it is incorporated into a 
plant or a plant cell . 

20 

Stmimary of the invention 

The present invention is related to a method 
of genetic modification of a TGB- 5 wiid type viral 
sequence, preferably the BKY\W P15 viral sequence, for 

2 5 reducing or suppressing the possible deleterious effects on 

the agronomiic properties of the transform.ed plants or plant 
cells by said TGB-3 viral sequence. 

?referabl\*, said genet ir edification is a 
point mutation which allows toe suns ti tot icn of at least 

3 0 one amonc-acid mtc another different ammo -acid of said 
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least one amino-acid i 
the BNYW PI 5 sequence 
It seems 



,nto another d 



.if f er 



ent amino-acid m 



that the function o 



f the TGB-3 wi 



Id 



type sequence in 



cell-to 



-cell movemen 



,t involves at least 



in 



5 part 



"bridging" 



interactions between an 



Lement of the ho^ 



^lant (preferably a c 



element of vira. 



omponent of the plasmodesmat 



a) , and an 



origin 



involved in 



cell-to-cell 



(pref^ 
movement ] 



•ably another viral protein 



Disruption oi 



the domain o 



f the TGB-3 wild 



type 



se 



iquence 



either 
(which 



10 putatively 



interacts wi 



th the host e 



:)f the 



TGB-3 wild type sequenc 



e (which p" 



lem.ent) or the domain 
itatively interacts 



with the viral elemen 
to -cell movement. 



allows nh 



e inhibition oi 



the cell- 



In addition, it 



seems that 



sai 



15 mutations m 



a TGB-3 



wi 



produc 



tion of mutants 



produc- 



Ld type 
5d in a t 



secuence 



d specific 
illow the 



Wll- 



Btill i 



nteract wi 



:h the vir 



the host: element. 



These mutants 



sites on the 
2 0 produced ii 



viral element o^ 
the initial stage 



the 



ransgenic plant, which 
al element, but not with 
might compete for binding 
TGB-3 wild type sequen 



ce 



-al in: 



iection, 



and 



abort the infection 



by inhibiting 



viral 



movement 



to an 



ent cell 



adjac 



one amino -ac 



Advantageous 



ly, the s 



,ubstitution of a 



t least 



id into ano 



.ther different amino-aci 



d of sa 



id 



25 sequence 



is made m reg 



Lons rich m 



hydrophilic amino -acids 



usual 



ly present at 



the surface o 



f the prot 



ein 



in Its native 



.ration . 



conf igu 



subst itut li 



Preferably; 



the point mu 



ration ( s^ 



allow the 



or 



one or 



two amino -a 



-acidE 



Into one 



30 dii 



^rent am 



ino-acids . 



the enclosed 



Tabl- 



: erred 



or two 



examples 



or sa^^ 



viruses 



he 



Lng a 



wu 



Id rwe 



riral sequenc 
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the molecular weight of the corresponding TGE-3 peptide, 
their hosts and a reference, are described. The specific 
wild t\>)e P15 nucleotidic and amino-acid sequences of BNYW 
are also already described (17) . 
5 The above-described point mutations were 

realised by conventional methods known by the person 
skilled in the art. 

The above mutants containing the point 
mutation were tested for their ability to promote cell-to- 

10 cell movement of a viral mutant (with a dysfunctional TG5-3 
sequence, preferably a BNY^/V m.utant with a dysfunctional 
?15 gene) when expressed m trans from a replicon. These 
m.utants were incapable of promoting such movement and were 
tested for their ability to inhibit infection with a 

15 CO- inoculated wild type TGB-3 virus, preferably 
CO- inoculated with a wild type BNYW, when the mutant form 
of the TGB-3 sequence, preferably the P15 gene, was 
expressed from a replicon. 

The Inventors have discovered unexpect edl\^ 

20 that the genetic modification m.ethod according to the 
invention (preferably a point mutation) could be used to 
obtain a modified TG3-3 viral sequence (preferably a 
m.odified BN^"\^\/' P15 sequence) , which is able to block virus 
infection without producing deleterious effects when 

25 incorporated m the genome of a plant or a plant cell. 

It is meant by "being able to block viral 
infection into a plant or a plant cell", the possibilit\' tC' 
cb^ain a high degree of tolerance by tne plant c-r plane 
cell transformed by said modified TGB-3 viral sequencE^ to 

3 0 said viral infection, m oarticular the ooss ibi 1 1 1 ic 
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blocking of the BNYW virus .ult.pl.oatxon and difru^.on 
.ec.an.s.s .nto a su.a. be., plan. (beta vu ,ar... 

al.o be subjected to said BNYW mtectxon. 

said tolerance or resistance could be easily 
' measured by various .et.ods well .nown by the person 

skilled in the art.. 

preferably, the genetxc modifications xn 

TGB-3 wild type viral sequence are point mutations m the 
.0 portions of said wild type viral sequence involved m the 
mechanisms of viral cell-to-cell movements. 

present invention is also related to the 
modified TOB-3 viral nucleotidic and ammo-acid sequences 
Obtained (recovered) by said (modification and selection 
.5 method, more preferably the PI. ^ ^ ! 

.nd ammo-acid sequences obtained (recovered) by 

preferably, said BNYW PIS nucleotidic and 

c.i.rted from the group consisting 

amino-acia sequtino^o 

1 ^^Hn^r- or corresponding amino-ac^a 
of the following nucleotiaic or co-- y 

sequences : 



20 



.5 M V L V V . V . L S » I V . . I V A = C 
V V v" S M . V S P F F S « 0 V K . S S Y 

30 oco.o^c^^-^^^-'^^^^''^'^^''^"f^'^-; ^ ; , 
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GGGAGTTGCGATATTCCAAAGCATGTAGCCGAGTCCATCACTAAGGTTGCCACCAAAGAG 2 4 0 
G S C D I P K H Y A E S : T F: V A T K E 




GAA^^.CTATTTTTATAATATTATCTAGATTGTTTGGTTTGGCGGTGTTTTTGTTCATGATA 3 6 0 
ETIFIILSRLFGLAVFLFMI 

1 0 TGTTTAATGTGTA.TAGTTTGGTTTTGGTATCATAGATAA 3 9 5 
C L M S I V W F W Y H R ^ 

SEP ID NO 2 : 

ATGGTGCTTGTGGTTAAAGTAGATTTATCTAATATTGTATTGTAGATAGTTGCCGGTTGT 6 0 
15 M V L V V K V D L S N I V L Y I V A G C 

GTTGTTGTGAGTATGTTGTACTCACCGTTTTTGAGCAJ^CGATGTTAAAGCGTCCAGCTAT 12 0 
V V \' 3 M L Y S ? F F S N D V K A S S Y 

2 0 GGGGGAGCAATTTTTAAGGGGAGCGGCTGTATGATGGCCGCGAATTGGTTTGCTGAATTT 18 0 

A G A I F K G S G C I M A A N S F A Q F 

GGGAGTTGGGATATTCCAAAGCATGTAGCCGAGTCGATGACTA.^GGTTGGCACGAAAGAG 2 4 0 
G S C D 1 ? P: H V A E S 1 7 K V A T K E 

25 

CAGGATGTTGAGAT.^-ATGGTAAJ^iAAGGGGTGA.^GTGACCGTTGGTGTTGTGACTCTGACC 3 0 0 
KDVD IMVKRGEVT\'RVVTLT 

GAAA^CTATTTTTATAATATTA.TCTAGATTGTTTGGTTTGGCGGTGTTTTTGTTCA.TGA.TA 3 5 0 

3 0 E T I F I I L S R L F G L A \' F L F y 1 



v: Y H 
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cpn rn NO 3 : 

^TGGTGCTTGTGGTTAAAGTAGATTTATCTAATATTGTATTGTACATAGTTGCCGGTTGT 60 
M V L V V K V D L S N I V L y I V A G C 

5 GTTGTTGTCAGTATGTTGTACTCACCGTTTTTCAGCAACGATGTTAAAGCGTCCAGCTAT 120 
VVVSMLYSPFFSNDVKASSY 

;,GAIFKGSGCIMDRNSFAQF 

GGGAG^TGCGATATTCCAA-AGCATGTAGCCGAGTCCATCACTAAGGTTGCCACCAAAGAG 240 
O S C D I P i: H V A E S I T K V A T K E 

TGACATAATGGTAAAAAGGGGTGAAGTGACCGTTCGTGTTGTGACTCTCACC 3 0 0 



CACGATGTT' 
15 H D V D I M 



VKRGEVTVRVVTLT 



GAAACTATTTTTATAATATTATCTAGATTGTTTGGTTTGGAIGATTTTTTGTTCATGATA 3 6 0 
S T I F I I L S R L F G L D E F L F M I 

2 0 TGTTTAATGTCTATAGTTTGGTTTTGGTATCATAGATAA 3 99 
CI. MSIVWFWYHR* 

in the following description, the various 
..odif^ed BNYW TG3-3 sequences w.ll be hereafter called 
25 "P15 mutants.., xdentifxed by the following reference : 

aTPo ID NO 1, BNP15-Ala4 
BNP15-Alal, corresponding to Sr.Q ID nu , 

r.^r^ TT, TvTn 9 -RNP 1 5 - AsTj 9 , corresponding to 
corresponding to SEQ ID NO 2 , BNPib Asp^, 

SEQ ID NO 3. 

The nucleotidic and corresponding amino-acid 
30 sequences of SEQ ID NO 1 , SEQ ID NO 2 and SEQ ID NO 3 can 
be compared to SEQ ID NO 4, which is the sequence or tne 
wild type PIS nucleotidic and a.mo-acid sequence already 

described (17) . 
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The present invention is also related to the 
vector comprising said modified nucleotidic sequence 
possibly being operably linked to one or more regulatory 
sequence (s) active into a plant or a plant cell. 
5 Preferably, said vector is a plasmid comprising already 
said regulatory sequence (s) active into a plant or a plant 
cell . 

The present invention is also related to a 
method for inducing a resistance to a virus comprising a 
10 TGB-3 sequence, preferably one of the viruses described in 
the enclosed Table 1, and more preferably the BNYW virus, 
said method comprising the following steps : 

- preparing a nucleic acid construct comprising a nucleic 
acid sequence being genetically modified according to 

15 the m.ethod cif the invention and being operably linked to 

one or more regulatory sequences active into a plant or 
a plant cell , 

- transforming the plant cell with the nucleic acid 
construct, and 

20 - possibly regenerating the transgenic plant from. the 
transformed plant cell. 

Preferably^ said method is used for inducing 
a resistance to the BInTA-^' into a sugar beet plant or a 
sugar beet cell. Said method comprises the fo-llowing 
25 steps : 

- preparing a nucleic acid construct comprising a m.cdified 
nucleic acid sequence obtained b\' the method acco-rdmg 
to the invention, preferabl\' preparinc; a nucleic and 
c c n s t r u c t c c>mp rising a nu cleic acid se au ence selected 

30 from, the Qrouo consistmc cf SEZ Kl 1, SEO 11^ 2 or 
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SEQ ID NO 3, being operably linked to one or more 
regulatory sequences active into a plant, 
- transforming the sugar beet plant cell with the nucleic 
acid construct, and 
5 _ possibly regenerating the transgenic sugar beet plant 
from the transformed sugar beet plant cell. 

The present invention is also related to the 
obtained (recovered) transgenic plant or the transgenic 
plant cell resistant to an infection by a vxrus comprising 
10 a TGB-3 sequence, preferably one of the viruses described 
in the enclosed Table 1, more preferably the BNYW virus, 
said plant or plant cell comprising a nucleic acid 
construct having a TGB-3 modified nucleic acid sequence, 
being operably linked to one or more regulatory sequences 
15 capable of being active into a plant or a plant cell. 

Preferably, said modified nucleic acid 
sequence is selected from the group consisting of SEQ ID NO 
1, SEQ ID NO 2 and SEQ ID NO 3 , being operably linked to 
ole or m.ore regulatory sequences active into a plant or a 
20 plant cell. 

Preferably, the cell is a stomatal cell and 
the regulatory sequence comprises a promoter sequence and a 
terminator sequence capable of being active into a plant. 
Saxd promoter sequence can be constitutive or could be 
25 obtained from a foreigner promoter sequence, and is 
preferably selected from the group consisting of the 3 5S 
cauliflower Mosa.c Virus promoter, and/or the polyubiquitm 
Arabidopsis thaliana promoter. 

Advantageously, the promoter sequence is a 
30 promoter which is mainly capable of being active m the 
root tissue of plants such as the par promoter or tne 
haemoglobin gen-i from Perosponia andersonii. 
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A -Last: aspect of the present invention is 
related to a transgenic plant tissue such as fruit, stem, 
root, tuber, seed of the transgenic plant according to the 
invention or a reproducible structure (preferably selected 
5 from the group consisting of calluses, buds or embryos) 
obtained from, the transgenic plant or the plant cell 
according to the invention. 

The techniques of plant transformation, 
tissue culture and regeneration used in the method 
10 according to the invention are the ones well known by the 
person skilled m the art. Such techniques are preferably 
the ones described m the International Patent Applications 
W095/1C1776, W091/13159 (corresponding to the European 
Patent Application EP-B- C517S3 3 ) , WO38/07875, which are 
15 incorporated herein by reference. 

These techniques are preferably used for the 
preparation of transgenic sugar beet plants and plant cells 
according to the invention. 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



Internationa! application No. PCT/BE99/00089 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute stieets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70.17).): 
Description, pages: 

1-22 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

n contained in the international application in whtten form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims. Nos.: 
n the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 



Claims, No.: 



1-22 



as originally filed 
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{Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-20 




No: 


Claims 


21,22 


Inventive step (IS) 


Yes: 


Claims 


1-20 




No: 


Claims 


21,22 


Industrial applicability (lA) 


Yes: 


Claims 


1-22 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . The following documents are referred to: 
D1 = WO98/07875 

D2 = Beck et al. (1994), PNAS USA, 91, 10310-10314. 
D3 = Seppanen et al. (1997), J. Gen. Virol., 78, 1241-1246. 

2. D1 teaches that overexpression of the TGB-3 gene in a tobacco disturbs the TGB- 
2/TGB-3 ratio necessary for the movement of BNYVV in plants (see e.g. p. 26-27 
and claim 1). Consequently, the transgenic expression of TGB-3 resulted in 
BNYVV resistance. 

TGB-1 , TGB-2 and TGB-3 are known to be viral genes involved in viral cell-to-cell 
movement. 

D2 discloses that plant expression of a mutated 13kd TGB-2 gene of White clover 
Mosaic virus strain O (a species of the potexvirus genus) results in resistance to 
systemic infection with a whole array of Potexviri (see e.g. D1 abstract). Similar 
results were obtained in D3 for potato virus X mutant genes. 

3. D1 does not describe or suggest any specific mutation in TGB-3 wild type viral 
sequences. The only mutated TGB genetic sequences are made in other TGB 
sequences than the TGB-3 sequence. Overexpression of TGB-2 genes, according 
to the applicant, will not confer resistance to aplant. Therefore, it was not obvious 
for the person skilled in the art to combine the teaching of D1 with that of D2 
and/or D3 in order to arrive at the claimed invention. Accordingly an inventive step 
can be acknowledged (Article 33(3) POT). 

4. Claims 21 and 22 also embrace known products. More in particular claim 21 does 
not require the transgenic trait to be related to the TGB-3 gene, nor does it require 
the transgenic plant of claim 14 to comprise the mutant TGB-3 gene in every cell. 
The seed ("reproducible structure") of a transgenic plant does not necessarily 
contain the transgenic trait (hemizygosity). 

Consequently, the subject matter of claims 21 and 22 lacks novelty over known 



Form PCX Separate Sheet 409 (Sheet 1) (EPO-April 1997) 



• 



INTERNATIONAL PRELIMINARY International application No. PCT/BE99/00089 
EXAMINATION REPORT - SEPARATE SHEET 



subject matter (Article 33(3) PCT). 

In this context it is noted that under the PCT, the IPEA is not allowed to execute 
any amendnnends suggested by the Applicant. 

5. D1 discloses a truncated P15 gene of BNYVV which is capable of interfering with 
the cell-to-cell movement activity of wild type PI 5 (see e.g. D1 paragraph bridging 
p.26 and 27). 

Applicant shown that the TGB-3 constructs as disclosed in D1 do not block 
efficiently the cell-to-cell movement as obtained with the specific mutated genetic 
sequence accrording to the invention. Consequently, in view of the feature "which 
are not able to promote cell-to-cell movement" in claim 1 the claimed subject 
matter is novel as required under Article 33(2) PCT. 



Re Item VIII 

Certain observations on the international application 

1 . The use of the wording "foreigner" in the context of claim 1 1 for defining a 
promoter seems not to conform conventional nomenclature current in the 
technical field (Article 6). 

2. The wording "TGB-3 wild type viral sequence" lacks clarity as it is open ended and 
hence open to interpretation. 

3. The sequence IDs as mntionned in claim 4 are not in line with the sequence IDs 
as represented in the sequence listing 
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FOR FURTHER Nctification c* transmittal of International Searcr- ^..eoor 
- i Form PCT/ISA22C' as wei! as. where apphcaoie sten^ 5 Deicvv 

ACTION 


international appiication Nc 

PCT/BE 99/00089 


international filing aate loaymontn year^ 

09/07/1999 


■.Earnest; Priority Date faavmomn vea-^ 

10/07/1998 


Applicant 

SES EUROPE N. V./S.A. et al . 



This International Search Report has been prepared by this International Searching Authcnny and is transmitted to the applicant 
according to Article 18, A copy is being transmitted to the International Bureau. 

This International Search Report consists of a total of A_ sheets. 

[X] It is also accompanied by a copy of each pnor art document cited in this report 



Basis of the report 

a With regard to the language, the international search was earned out on the basis of the international application m the 
language in which it was filed, unless otherwise indicated under this item. 



the 'nternaticna: search was carried o-^ 
.Authonty (Rule 23 1(b)). 



"e basiS of a translation of tne inTernationai application furnished to this 



With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international searcr 
was carried out on the basis of the sequence listing : 

contained in the international application in written form 
filed together with the international application in computer readable form 
furnished subsequently to this Authority in written form 
furnished subsequently to this Authonty in computer readble form. 



□ 
□ 
□ 

n 



the statement that the subsequently furnished wntten sequence listing does not go beyond the disclosure m the 
international application as filed has been furnished. 

the statement that the information recordea m computer readable form is identical to the written sequence listing has beer 
furnished 



2 E Certain claims were found unsearchable iSee Box I) 

3 Unity of invention is lacking (see Box iii 

- With regard to the title. 

[X] the text is approved as submitted by the applicant 

! I the text has been established by this Authonty to read as follows: 



Wit^ regard to the abstract. 

the text is apprcvea as submitted by the applicant 

the text has oee^ established, according to Rule 38 2(b . oy this Aut^or ty as it aopears ;n Box IM The acpucant may 
' within one mont.*" from the date of mailing of this mternaticnai searcr reccr suhm-t comments to this Authonn 

'ne *:gure of the drawings to be oublished with the abstract is "^igure Nc \ 

as suggestea by the applicant. i I None c* the *;aures 

, Decause tne aop;:ca^t faiied to suggest a figure 

I because th;s figure better characterizes the mvention 

^C^ 5A 2'C first sneet .ur. ^998 
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Inte^nai cnai acpucarion IMc 
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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This internaiicna Sea^c*^ Report has net tee- estaciis^ec .n respect of certain c:ainns under Article ^^^2 'ia' fc the fcilowing reasons 
V ! ' C\a\rr.5 Nos 

because the^ -e.ate to subject matte- net reauired tc be searched ty th;s Authcriry , nameiy 



2. [Y] Claims Ncs . 

because tney reiate to parts the International Application that do not comply with the prescribed reauirements to such 
an extent that no meaningful International Search can be earned cut. specifically: 

The SEQIDs as mentioned in claim 4 do not fall in line with the SEQIDs as 
represented in the sequence listings. 

3. I I Claims Nos.. 

because they are dependent claims and are net drafted in accordance with the second and third sentences of Rule 6.4(av 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows 



^ ■ I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
' ' searchable claims 



As all searchable claims could be searched without effort justifying an additional fee. this Authcnty did not invite payment 
of any additional fee 



I I As only some of the required additional search fees we^e timel> paid by the applicant thts International Sea-'Ch Repor; 
' covers only tnose claims for which fees we^e paid, specifically claims Nos 



I 1 No reauired additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims: it is covered bv ciaims Nos 



Remark on Protest | | The additiona.' sea^c"- fees were accompaniec by the apclicants orotes: 

^ No C'Otest accompan ed the payment cf aGC.t;onai searcn fees 
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The SEQIDs as mentioned in claim 4 do not fall in line with the SEOIDs as 
represented in the sequence listings. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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Disruption of virus movement confers broari-spectrum resistance 
against systemic infection by plant viruses with a triple gene block 

irarugtnic piani . dominant negative muLaiion/ dysfunctional movement protemi 

David L Beck. Craig J V an Dolleweerd, Tony J Lough, Ezeqlmel Balmor:. D^vts M V got. 
Mark T A>dersen, Ion a E. VV O'Brien, and Richard L. S Forster* 



Co^munrra.vtf i>v GfOrgf B fuming Jane 2J. ! 994 

\BSTRaCT White clover mosaic virus strain O f WCIMV- 
O). species of the Fotezvtrus genus, contains a set of three 
paniaily overlapping genes (the triple gene block) that encodes 
nonvinon proteins of 26 kDa, 13 kDa. and 7 kDa. These 
proteins are necessary for ctll-to-cell movement in planu but 
not for replication. The WClMV-O 13-kDa gene was mutated 
I to 13*) m a region of the gene that is conserved in ail viruses 
knovrn to possess tnple-gene-block proteins. \1I 10 13* trans- 
genic Jines of \icormna benthamuina designed to express the 
mutated movement protein were shown to be resistant to 
systemic infection by WCIMV-O at 1 Mg of WCIMV virions per 
mj. whereas all plant5 from susceptible control lines became 
syslemically infected. Of the 13* transgenic lines. 3 selected for 
their abundant seed supply were shown to be resistant to 
systemic infection when challenged by inoculation with three 
different WCIMV strains lO. M. and J) or wuh \VC1M\ -O 
R>A at 10 /x^/ml. Most plants were also resistant to systemic 
infection at inoculum concentrations up to 250 of WCIMV 
virions per ml. In addition, the three 13* transgenic plan* lines 
were found to be resistant to s>slemic infection with two other 
members of the Potexvirus group, potato virus X and narcissus 
mosaic virus, and the CarUivtrus potato virus S but not to be 
resisunt to tobacco mosaic virus of the Tobamortrus group. 
These results indicate that virus resistance can be engineered 
into transgenic plants by expression of dominant negative 
mutant forms of trtple-gene-block movement proteins, 



Ccll-to-ccll and long distance movement of viruses .a plants 
are not passive events, and most, if not all, plant viruses have 
a gene or set of genes that mediate movement (T These 
rnovcmcnl genes arc an essential pan of ;nc virjs-infccuon 
process because plant protoplasts are frequently able to 
sjppor ihe rcpiicaiion of viruses that are not able :o mfcci 
the m'ac: piant '2' ."Naiuraiiv occurring resistance genes mav 
function bv mtcrfcnng ^ith the abiii:> of the invading virus 
to move t>om the initiaily infected ccits to surrounding 
Tissues, .-\lthojgh '.radicional plan: breeding has been used 
successfully :o control several virus atscases. natural genes 
for resistance are not alv».ays available lo breeders, and s:ngJc 
genes for rcsiitance can De overcome by rapidly charging 
virus populations As a consequence, genetically engineered 
protection against viruses in transgenic plants nas been 
adopted as an ajtcrnativc control strategy This strategy has 
been snovtn tc have great potcntiaJ, but most of the trans- 
genic plants produced to date show 'esisiancc against only a 
lirr.itcc number of viruses or virus strains O) Many important 
crop species, for example potato and ncc. arc mt'ected by 
numerous different vipjses or vipjs strains, making the 
development of supenor plant lires 'csistant to each virus 
based on these narTO-^ - spec i rum resistance factors poten- 
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Dally difficult. New forms of resistance active against several 
difTereni viruses or groups ot' viruses are being sought One 
such approach involved the introduction of the gene coding 
for rat oligoadenylatc synthetase into the genome or 

potato plants '-ii Ccncticaliv engmecnng transgenic plants to 
biock v-riis movement, mimicking the mechanism ot sorr« 
natural -esistancc genes, .las been proposed (1. 5. 6i but 
remains mostiv uncxpioited 

The move.meni function of plant virjscs can be com pie 
mented bv another, frequenii* unrelated, virjs m doubic 
infections *~) This apparent lacK of specificity for the move- 
ment function has been demonstrated by De Jong and Ahi- 
auist '81 v^ho showed that the movement protem from a 
T.)fyamo^-\rus could suppon the movement requirements of a 
Brnmfiv;nis This nonspecific complementation of ihe move 
ment process bv unrelated viruses suggested lo us 
inhibition of movement might also be nonspecific, invoking 
resistance to v rnjscs of J-.rTcrent groups Recentiv transgenic 
lobacco plants [a nonhost jf brcmc m.osaic vjrustBNtV, of 
me Sr(ymn\ irn.'^ group); expressing the BMV j2-kDa move- 
ment protein were found to be resistant to infection bv 
tobacco mosaic virus !TMV of the Tnhamo^-in^s groupi. 
suggesting that expression of a •heterologous movement pro- 
tein not adapted for a panicular host can interfere '•^nh the 
process mediated by the homologous movement protein i*^' 
Transgenic tobacco plants express. ng a mutated form of 
TMV 30-kDa movement protem y-crc found to be resistam :o 
infection bv three strains of TMV i6i However, this resis- 
tance was manifest pnmanly as a delay m infection 

A set of three panially overlapping genes known as the 
tnpic gene block encodes nonvmon proteins and is found m 
the genome of the Pnux\irus . C ariawrus . F-.troMrus. and 
Hordei'. >ri(s groups lOi as well as sevcrai unclassified 
plant viruses fll. :Z) of the Smdbis virus-like superlamtiv 
il3K The tnple-gcnc-block proteins have been shown bv 
sitc-dtrcctcd mutagenesis to be essentia] for virus movem.-n: 
for viruses of the Pouxrirus Hordrrvirus (15V j.id 

F./rnvirus groups il6). The precise mechanism bv which the 
tnplc-gcne-biock proteins mediate the movernent process is 
unclear, however, in all instances the protein encoded bv the 
5 -most gene of the inple gene block has domains conserved 
in RN,\ hciicascs. Ail of the proteins encoded bv the central 
gene of the tnple gene block have two hydrophobic domains 
suggestive of transmembrane proteins i9. 10) 

The triple gene biock of w^ae clover mosaic vi-js 
iWClMV). a member of the Fofer\trus group, encodes pro- 
[erns of :6 kDa. 13 kDa. a-d ~ kDa i 10. 1") A WCIMV mui^ni 
expressing a mutated 13 kDa gene was unabtc 

multiply to detectable levels :n ;ntac: plants but produced 
^ild-t>pe levels of viral R.NA species and coat protean when 
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inJ^ ■^'^^-'-^ *° protoplasms U', suggesting !h:it the mutancr.s 
^* ■, uitro^J'^ccd into (he Ij'genc inactivated the function ol' the 
encoded protein. The mutated 13* gene was transferred into 
■ Lhc genome of Siconana henthamtana (a systemic host of 
WCIMV) to determine whether this gene could con/er non- 
specific virus resistance. This paper descnbes the analysis of 
transgenic plants expressing the 13" gene Resistance was 
observed agamsi systemic itifcction by three difTcreni strains 
;-of V»'CiMV. two other Foie.xvirus species, and one Carla^i- 
[f. bu: not agamst a Tobamovirus. 

p:^ MATERIALS AND METHODS 

r~ Virus Isolates. WC!MV strains O and M (WCIMV-O and 
I WCIMV-M) were obtained from individual white clover 
i' plants from the South Island and Nonh Island of New 
J Zealand, respectively (18) WCIMV strain J from Japan was 
I supplied by C. Hiruki fEdmonion. AB) The WCIMV strains 
' were maintained m pea. and vmons were panficd as de- 
scnbcd (18) Potato virus X (PVX. type species of the 
P^texvirus group) strain NZl was obtained from ficld- 
infected potato cv Ham Hardy, mainiained tn Nicotinna 
labacum cv Xanihi. and vinons were purified as descnbcd 
il9). Narcissus mosaic virus (NMV, member of the Poiex- 
virus group) was obtained from ficid-mfected narcissus, 
maintained in Sicotiana cieveiandu and punficd as descnbcd 
for PVX Concentrations of punficd vmon preparations were 
csumaced by absorbance at 260 nm (M;6o)- An /4:6o oH 0 was 
considered equal to 1 mg of virus per ml. Virions were diluted 
in 0 25% sodium pyrophosphate buffer fpH 8,0) contaming 
0 ^5% Ceiite and 0 Zt% bcntonitc and mechanically inocu- 
lated to three carborundum-dusted leaves per plant. 

Potato virus 5 (PVS; a member of the Cariavirus group) 
strain ME was kindly provided by M. Eider (Vancouver), and 
inoculum was prepared from sap extracted from sysiemicaily 
infected V bemhamtana leaves diluted m water at a ratio of 
0.02-1 mg of infected tissue per ml of water By ELISA, 0 02 
mg of infected tissue per ml of water corresponded to —0.5 
Mg of vmons per ml 

ViraJ RNA was prepared from punficd vmons by protein- 
ase K digestion followed by phenol extraction and ethanol 
; -ccipiiatton. 

DNA Cloning, WClMV-0 (1") sequences representing the 
mutated 13-kDa and wiid-typc 7-kDa open reading frames 
(38% of the T-kDa gene sequence overlaps the 13-kDa gene 
sequence) were produced by using the oligonucleotides 5 - 
CCCGGGaTCCTGATGCCTTTGATTCCTCC-3' and 5 - 
CCAAGAATTCGTaCGTTCAAATaGaTGGCaC-3' and 
plasmtd pl3b DNA (14) as template m a PCR reaction. The 
resulting PCR fragment. WClMV-0 nucleotides 467*^-5158 
(17). was digested w:th SamHX and Ecc?A and ligatcd into the 
vector pSP72 (Promega) digested wKh the same two rcstnc- 

lon enzymes, producing plasmid pl3*-l. This plasmid was 
digested with Sal I and Cla I. and the approximately 50O-bp 
fragment containing the WClMV-0 13* gene plus 7-kDa 
sequences was ligaicd into plasmid pART7 (20) digested wuh 
Xho I and Cla \. producing piasmid pl3*-2. This plasmtd was 
digested wuh No( I and ligated into the Nor I-digcsied binary 
vector pART27 (20), producmg plasmid pl3*0. Agrobacte- 
rium rumefaciens strain LBA4404 was transformed with 
plasmids pART27 or pl3*0 by the freeze-thaw method f21). 
Ammo acid sequences were analyzed by using the Uni- 

ersiiy of Wisconsin Genetics Computing Group version 5 
programs (ZZ) 

Transgenic Plants. Leaf discs of .V. benthamiana were 
transformed by Agrobacterium'mt<i\^ic(l :ransforTnaiion by 
standard techniques (23). Transformed cells were selected on 
shoot-inducing medium containing 300 Mg of kanamycin and 
100 Mg of cefotaxime per mi. Young shoots were transferred 
to hormone-free medium coniamtng 100 Mg of kanamycin per 



ml for rooting to occur OnU one shoot per leaJ" disc was 
tr.in^fcrrcd to rooting medium to ensure that independent Rq 
generation plant lines were esiabiishcd. 

Inhcntancc of kanamycin resistance was dctcnntned by 
gcrminattng self-pollinatcd seed iRi generation), harvested 
from regenerated transgenic plants i Ro generation), on me- 
dium containing 300 Mg of kanamycin per ml Approximately 
Z w;ek-old kari^mycm-rcsistant Ri seedlings were trans- 
ferred 10 soil and grown under containment glasshouse con- 
ditions. 

Ten plant lines (13*i-io) transformed wuh the mutated 
WCIMV 13* gene plus 7-kDa sequences were established. 
Control lines. Q\.\, were similarly established after transfor- 
mation With the unmodified binary vector pART27 (20). 

Analysis of Transgenic Plants. Nonhem (RNA blot). West- 
ern (immunobioi), and ELISA analyses of untnoculatcd and 
inoculated leaves of plants were performed by standard 
techniques (24. 25). For Nonhem blot analysis. '*P-tabcicd 
RNA complementary to WCIMV-Q sequences 3997-5802 
(the tnple gene block plus coat-protein gene) was used 
Western blot analysis involved rabbit anti-coat protein scrum 
produced by injecting New Zealand White rabbits wuh 
punfied WCIM V-O virus panicles. For analysis of resistance 
to virai infection, approximately 6-wcek-old kanamycm- 
rcsisiant K\ plants were challenged by mechanical inocula- 
tion cither wuh preparations of virus panicles or wuh virus 
RNA. Three carborundum-dusted leaves of each plant re- 
ceived 30-50 m1 of inoculum per leaf (depending upon leaf 
size). Plants inoculated wuh pVX. .NMV. or PVS were 
examined daily for symptom development. Because WCIMV 
docs not produce definitive symptoms on .V benthnmtanc , 
uninoculaicd leaves from the top of the plant were assayed 
for the presence of virus by ELISA and/or back-tnoculaiion 
approximately 12. 30, and 60 days after inoculation to the 
local lesion assay host Vigna unguiculara (cowpca) cv, 
Blackeye. At least 12 plants per line as indicated (13'i_io or 
control Ci,5 lines) were used per tnal, wuh each inal being 
repeated at least twice with freshly prepared virus or RNA 
preparations. Systemic infection of 100% of plants of the 
control tines Ci.j was observed m each tnal. 

Protoplasts from young leaves of transgenic line 13*4 or 
control line Ci were prepared by the procedure of O'Bncn 
and Lindsay (26;. WCIMV-0 RNA (0 1 Mg per 10. 000 pro- 
toplasts) was introduced by elcctroporation The replication 
of WCIMV-O in 13'* and control protoplasts was determined 
by ELISA analysis of extracts I day after mocuiation 

RESULTS 

Mutation of the WCJMV 13-kDa Protein. !n all viruses that 
contain a tnple gene block, the second open reading fr^me of 
the block encodes a small protein (12-14 kDa) with conserved 
calculated structural motifs (two hydrophobic domains sep- 
arated by a hycirophilic domain containing conserved ammo 
acids) (27). The 13-kj:5a gene of WClMV-0 was mutated by 
using silc-dirccted mutagenesis to encode a i3-kDa protein 
that contained one phenylalanine and five alanine residues in 
place of conserved amino acid residues in the central hydro- 
philic domain (14). These mutations did not disrupt the two 
hydrophobic domains but were predicted to have an effect on 
the conserved hydrophilic domain. 

Hydrophobicity plots of the WCIMV 13-kDa. PVX 12 kDa. 
NMV 13-kDa. and 13* proteins (Fig. I) illustrate the con- 
served nature of their genes. However, the wild-type protetns 
have a hydrophilic peak at the position of the conserved 
domain, while the protein has a neutral-to-hydrophobic 
stretch of amino acids m the same position indicated by the 
bar in Fig. 1). 

Transgenic Plants. Ten Ro plants, transformed with the 13' 
gene construct, were sclf-pollinated. and Ri seed was col- 
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Ftc 1 Hvdropr.cOiCity plots of Lh€ 13-kDa proicm of 
WCIMV.O the mutaicd ;3-kDa protein of WClM^-O '-he 
kDa homoioguc of X. and the 'J-^Da homoioguc of ^'^1 V The 
-ar indicaics the lociiion of ihc conserved amino jc:d sequence 
present in chc Pottivxrus Carla^irjs Furovirui Hnrdet^ inn ^nd 
other virus groups ihai contain a tnple gene block. 

iccicd. estahiishing plant lines :3" ,ic InocuJaiion of plants 
from all \0 of ihcse lines dcmonstraicd tha: :hcsc pianis 'J-'crc 
rcsisiant to svsicrrnc infection bv WCIMV-O at an inoc^ium 
■concentration of ; Mg of Ninons per ml In contrast. 
AClNt V-0 was founc to intcct ail of the plants of controt hncs 
C..1 inoculated *;th 0 5 Mg -f* 'inons per mi 'the iovAesi 
.onccniration tested) Transgenic plant lines were prodi^ccu 
iha( contained one of r,ine difTcrcnt transgcnes dcnvcd from 
■A'C;mV.O sequencer that encode tne wild-tvpc :3-kDa 
protein d:us '-kDa protein, other vvild-typc tnpie -genc-biock 
sequences or gene cornbmaiions . or tnple -gene-bloc k .c- 
^^en^es m an antisense cnentation Of the ^9 independent 
-lant hnes containing wild-i>pc WCIMV-O sequences (hot 
*cre :csted for i-es; stance . aJl of the plants from -i8 lines *ere 
.uscepT'.ble :o s>*itcmic infeciion after mocutaiion with 1 
u V^'CIN'A' per rr.l ; unpublished datai Th:', sucset.icd \t\zi ih-^ 
-es.stant pnenotvpe demonsiratcd bv all 10 13" transgenic 
■ iHcs ^as aue to interference b\ the 13' xutani pro(ein m a 
dominant negative fashion i23) rather than to the par-alU 
overlapping vkild-type "-kDa sequences. :o somaclonai van- 
anon, or '0 a RNA-med!3ted effect The expression of 
Aiid-iypc moverr.cnt proteins of other viruses m transgenic 
piants also has resulted ,n plants susceptit:le to infection bv 
the corresponding viruses fll9-3l) 

Based on these results, three 13" transgenic tmes that gave 
^ood seed supplies were chosen for funhcr anoiv^is :I3".. 
.3 ■ 'ind 1 3'4) Plants of eacn of the three lines accumulated 
.imilar levels of v^, ClM V pecific transcnpt RNA. as deter- 
^,incd by Nonhcrri blot analysis iFig. 3; Because of the 
it;scnce of anttsera capable of reacting with the mutant 13" 



Cont'ot 



13" 



■3-2 



•3'4 




F)G Z Nonncm b.oi aniivsis of RNA extracted from leaves of 
jninoc^laicd plants of ;he controJ :ines Ci and C; *sho«'n n the first 
wo ianes; and t^rce 13' carsgenic lines The probe was ''P-lat>eted 
R.NA :cm.ptcmeniarv -o WC!MV inple gene -bJock and coat- 
r^c^C' n '.cquerces L' " Vac ; icnatcd RN A '10 ^xgi was loaded per 'ane 



-rr^^ev.cJ .n the : 3 " '-jn^^^e-.tc plj.ni^ . e r^: o 
Ante ^cedl. ngs arov*.ir.^ jn mcJiu.-n :jn:^ mni; van.^ — 
^as Jied to estimate ;he numt?er ot insen:.^n events - ^. 
kanamvcm-rcsistance gene present m :he :3" transse-;;; 
!;r.c:s PssuUs suggest that :3', anc 13*. gene e\pr-j^^u;r 
•rem a singic iocus ;3 1 irccn to ^huc sccdhrc^, jr^d '.}•- 
expre^^ion '••as ^rom t'^o iCC; ! .5 

Resistance Studies. Plants of the three 13* transgenjc :ines 
pius t'^o control ^ncs *erc challenged N*r.h WC!^!^-0 
;nocu;a at 10. 5C. or 3.30 of virions per ml Plants jf eacr. 
of the three 13' transgenic anes were rests tant at an mocuium 
concentration of 10 of vmons per ml, y-ith none c 
plant s pecommg systemically infected However, at :r.e 
higher ;nocuium levels, some plants evcntuallv became 
fcmicailv infected, especially in the 13". iine I Fig 3.4 > Plants 
of the three 13* transgenic imcs were also inoculated with 
virai RNA to determine whether 'he resistance active 
only against virus panicies. as is typical of coat protein- 
mediated resistance ^ 31) At RNA concentrations of 1 and 10 
ug. mt, plants of all three :3' transgenic lines showej re^is- 
•„nce against svs:emic spread of the virus, wuh none ot 'he 
13 • piants but ill of tne control plants becoming stcmi^ , ■ 
infected 

To test whether the 13" 'ransgenic imcs were protected 
against other strams of WClMV plants -vcre noculated ^:th 
WCIMV strains N! and i at concentrations of :0 and :0 ^g of 
virons per ml WC! W strain M :S i8^- nonnoiocous to st-am 
O a: the nucteonde level iI'k strain J has not been se- 
quenced Tne response of the i3" iransgemc p. ants to cna.- 
Icnge both strains was similar at a.l concentrations testec 
all 13" plants escaped sv^iemtC infection at the lower m. c 
jlum concentration i 10 ug of virions pc ml i. w hilc all con. . 
plants were v. ^irrriKjIlv infected aftci' po^tinocuiutior C-. 

with cither ^iratn^ M or J .At the inoculum, concentration 
of :0 ag of vinors per m:. piants of :r.e : 3* tran:,gcnic lines 
largeiv escaped -vstcmic ,nfectton < F-g 35V and although 
^ome of the 13" transgenic plants evcn!uall> became ^vstem 




0 2C 40 60 C 2C 40 6C 
Pcstf^ccLiaticr, time, cays 

Fig j Tl.tic course of development of svsicmic .nfcc:..:r .r 
plants inoculated with ZIQ a« of WC'.MV -O v mons per m: < 4 i '^0 
of WC:M^'M vtnons per ml 1 of X vmons pe' ml iC i and 
:0 of PVX vinons per mi < D* • Conirol plants :.}',. I . .3': 
T^A-e'^c ptanis per inc *ere ^sed m eaC^ t :^-r f-i m r n i 
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To dctemimc ^hcihcr the rcsriuncc was jIso rr,anaebl 
a.ain.i ovhcr members of the Pore.x^^ru, group, PVX strain 
sZl and '^MV strain NZA ^*crc aJso used as challenge 
.naculum. A significant level of protection was also displayed 
Lamst both of these Pottxvirus species ai 1 and 10 of 
vinons per ml, although the degree of protection was less 
than that exh.b>ied agamsi the WCIMV scrams 0, M. or J 
tFift 3 Cand D. NMV data aut showh) 

In view of the resistant phcnotype demonstrated by the 13 
.-ansgcnic plants agaansi systemic infection with three strains 
of WCIMV and two other Potexyirus species, resistance to 
chaUcngc by a virus from another group. PVS (a Carlavims)^ 
whtch also contains a tnplc gene block, was tested. Plants of 
U*u 13*^' ''"^^ control line Ci were inoculated 

with' diluted extracts from N. bfnihamtana leaves infected 
with PVS. On plants of the control tine. C>. chlorotic/ 
necrotic locai lesions were discernible on the inoculated 
leaves -* days after inoculation (>250 local lesions per leal 
when using I mg of infected tissue per ml of water as 
-noculum). On inoculated leaves of plants of the 13" trans- 
genic lines, there was a delay until 6 days after inoculation m 
fhe development of local lesions. Funhcrmore. numbers of 
lesions were significantly reduced ( <:5 lesions per leaf when 
using 1 mg of tissue per mi of inoculum) and were approxi- 
mately half the size of the wild-type locai lesions. Systemic 
symptoms developed on aJI plants of the control line 6 or 7 
days after inoculation for all inoculum concentrations tested, 
and plants died wuhm 21 days after inoculation; however, 
systemic symptoms were delayed on plants ot the 13' irans- 
scnic lines until 8-10 davs after inoculation for the stronger 
nocuium concentrations (0. l-l mg of :nfccicd tissue per ml 
of water) and failed to develop for the wc:ikest lO 02 mg of 
infected tissue per ml of water). 

To determine whether the resistance manifest against the 
members of the Carlavtrus and Poitxvirus groups was also 
manifest agamsi viruses that do not possess a tnpie gene 
block control and 13- transgenic imcs were also challenged 
by inoculation with TMV (at 1 ^ of vmons per ml and 10 Mg 
of vtnons per ml). No discernible differences m the rate of 
development of systemic symptoms were obser-^'cd between 
the control and n* transgenic lines. 

The step in the infection process inhibited in the 13 
transgenic lines could be expected to occur at the level of 
movcmcni. rather than replication. To test the hypothesis 
that the mhibition of viral spread in the 13* transgenic plants 
was due to interference w.ih movement, protoplasts were 
infected with WClMV-0 RNA by clectroporaiion. ELI5A 
analysis showed a sjmilar level of coat-protcm production in 
the protoplasts from Ijne I3\ and control line Ci [ELISA A^os 
values for extracts UO.OOO infected protoplasts per ml) were 
0 32 for 13'4. 0.31 for Ci, and 0 005 for mock-inoculatcdl. 

Northern and Western blot analyses of leaves inoculated 
with 10 Axg of WCIMV-O R>'A per ml also were used to 
examine this hypothesis. Genomic and subgcnomic RNA 
species indicative of replication were detected by Northern 
blot analysis in the inoculated leaves of plants from the three 
n* transgenic plant lines 7 days after inoculation (Fig. 4) but 
at a reduced level relative to the control Ci infection. Al- 
though the level of mRNA denvcd from the 13* iransgenc 
was similar in the three 13* transgenic lines (Fig. 2). there was 
a variable level of genomic RNA produced in the inoculated 
leaves (Fig. •»). This suggests that replication was not com- 
pletely blocked in the moc'jlated leaves . dcspnc the fact that 
systemic spread did not occur in these plants WCIMV coat 
protein was detected by Western blot analysis in the inocu- 
lated leaves of 13* transgenic plants, but at a level 1-2 orders 
of magnitude lower than the amount m the inoculated leaves 
of Ci plants (results not shown). 
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Fig 4 Nonhcm blot analysis of WClMV-specific RNA pro 
duced in L3* and Ci leaves moculaied *uh 10 ^ of WClMV-O RNA 
PC- mJ ^-P-labeicd RNA complementary to the tnpie-jene-block and 
coat-proic.n sequences was used as probe, and 5 ^ of uo/rictionatcd 
RS A was loaded per lane The gcnormc 6.0-itb R.^ A ard coai protein 
subgcnomic 0 9-Kb RNA arc indicated mRNA from the 13' 'jrir.%- 
gcne comigratcd with the 0 9-kb subgenomic RNA. 

DISCUSSION 

Ten independent transformed Ri plant lines. 13v.:o. de- 
signed to express a mutated WCIMV l3-kDa movement 
protein were established and shown to be resistant to sys- 
lemic infection bv WClMV-O. Three transgenic 13' lines 
chosen for further analysis were found to be rcsistanl to 
svsiemic infection bv two additional strains of WCIMV. two 
other Poux^^rus species. PVX and NMV, and a Canajnus. 
PVS These viruses all contain the tnplc gene bloclc and. 
based on the results w.ih WOMV (14). are likely to requu-e 
these genes for movement m plants. Although resistant to 
four viruses that contain the inple gene block, the 13' 
transgenic lines were not resistant to infection with IMV. 
This suggests that the mutant 13- protein has blocked move- 
oient bv interacting wuh vinii and/or host components re- 
quired for movement by viruses utilizing the tnple-gene- 

block proteins. ,^ ia//-ivjv 

Although the mechamsm by which the wild-type WCIMV 
13-kDa protein mediates movement is unknown, several 
possibilities may be proposed. The 13-kDa proicm of the 
Furovirus beet necrotic ycUo* vein virus (33) has been 
shown to be located m the membranous subceUular fractions 
The membranous subcellular fractions of the w,ld-type 13- 
i.n. r^ar.gi^nir nlants were also shown to contain this protein 
( unpublished da'ta). It has been demonstrated that the 30-kDa 
movement protcm of TMV interacts with plasmodesmat^ 
components, enlargmg the molecular exclusion limits t34)^ 
The hydrophobic domains and known membrane interaction 
of the 13-kDa protcm suggest that this protein might play a 
role in modifying the plasmodcsmata of host plants. Another 
possibility IS that the 12- to U-kDa proteins arc pan of a viraJ 
nbonuclcoprotem transport complex. The 12- to H-toja 
proteins have a high isoelecmc point, indicating that these 
proteins could have nucleic acid-bmding properties. The 
ability to bind nucleic acids is a charactcmuc of the move- 
ment proteins of TMV (35), cauliflower mosaic virus of the 
CauUmoviru3 group (36), and red clover necrotic mosajc 
virus of the Dianihovirus group (37). Regardless of the 
mechanism by which the wild-type n-kDa protein mediates 
movement, it is clear that the mutations introduced into the 
13- sequence interfere with this ability (14), Funhermorc. 
these mutations are dominant, out-compeiing the wild-type 
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a ^r.c:^n^ o: gcncrjiin^: v t r ji r m ^ : anc c ' R ii; i: jnc c ba^cd 

■j n i ^ .o^ V of . ■ ' u . -^.c e rne n ; ; ^ u a ' u r jI i % Ov. u m r. g mc tried 

ctf r^c"-sr.; response tv ;otrj^co an^i :hc rroad 

general re^.istancc of ^lid potato ;o ;n:'ec:ion b'. PV X of (^c 
^■;ri*rv;r^5 group and pc-taio .mjs Y of iric P^t". v f.-!ii group 
I -9) 

Dominant negative rr.uiaiions ( ^n^.in :hc vir^. rcnuase 
gene have !?cen ^eponed to pro^Oc rcsisiancc lo ^-ru^eb 
'40-J2) These replicase ■ based dominant mutations have all 
provided protection exclusr- c;-- against the homologous or 
closely related virus strains Our results indicate that ihc 
WC'.MV :3' gene is dominant negative and provides nor^- 
specific proiection to transgenic plants bv blocking virus 
mo V cmc nt 

This example of multiple '-irus resistance through the 
s \pres^,ion of a ^ngle gene ha^ implications for the Jcvc lop- 
men; of - :rjs coat ro< ^ira;e?ies lor crops ;hac arc miected bv 
rruUipic wnjscb tr.at re:x jpon tne [npie-^cne-OtocK proteins 
f-r movement 'vucr: as potato PV'X and potato aucuoa 
mosaic V iras ot'thc Pj/e- r . rr,,: group and potato M and potato 
S . iruscs of the C^^^^'- t crouc! Furr.er mutations of the 
.'ADa protein mav j.)o^ a better -rucrstandmg ot tr.c 
resistance mechanism and the roie of :ne vviM-tvpe tnple- 
»:cne-biocK proteins m m.ediatmg wpjs mo^em.ent 
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Efficient Cell-to-Cell Movement of Beet Necrotic Yeliow Vein Virus Requires 3 




Proxima' Genes Located on RNJA 2 
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«NA . 01 bee! nec'ot.c yellow ve,n vrus (6NYWI cames s,. open re»a,ng .rar^es The four 3 Drox>T,ai frames encooe 
.rce.ns P42 - 3 P-5 an« P,4 The ,nree soeces Dresem nomofog.es pro-e,ns encooed by .hree ove^ao 
p.ng ooen read.ng Iran^es (the tnp.e gene oiock) ,n oofexviruses. cariav.ruses. ana Daney sir-oe mosaic v.r.s P i 4 aoes 
no. c^SDiay homology w,th other kriownpiar., .,,-31 o,oie.ns The »unct.ons C P42 p.3 p. 5 ana Pi 4 were .nvesncater 

-^"'"3^"* = " ru^,.,eng,h t^anscnots or w.o-.yp. BNY^.V «NAs , ana 2 were .n.ecous when co.noc" 
a.efl ,0 orotocasts or .eaves of C.->er.opoa.„m c.^noa RNA 2 :ranscr,o,s ,r wh,ch P42 Po ana Pf ^ were prema, ure'v 
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-r-ec, o.s fc '.eaves ^na.caf.ng that the t.p.e gene sioc. orcte.ns oi BNvvv a-e essenr.a, to- v.ra: celi-to-ce-i spreao 

t ■"'^<=--o-s Ou. s^-nal.e- ,oca .es.cns an« ,e,se- amounts of v.ra, «NA w'/e 

p-ocu.eo RN^ ..re.a.ec suogeno-r,:- r-.a soec.es : 6 1 4. ano C ' «c we-e cetecteo they cresomabiy o.re-- 

"e?:"" ° r °' ^ "C sub^enol^c «t/was 
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not shc^rt) ^^obe d32i icc^ptemema'^' ic ^"is 
073^-3'^^^' ^'VOfidized w:t^ 2sub, anc 2Sdt^ Cut nci 
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soboeno^ic ^NAs nave been ceiectec tor expression 

p,^ -irsi \ .\z C^.rs c* '.""e triple gene b'OCK We nave 
^c: nc'-eve' oee*" able 'o ceiec* a sucgenomic RNA 
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^Ovennenr atrho'^gn, me mmiDi'jon :s not 'ciai as t^.e 
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r-.echanism by Am.ich ^'4 mgh; .ne^vene ^n mcve- 
.-^e^i s noi ye: known bu*. ^ '^any ^espec's oj^ '^nd 
:ngs witr F " 4 resen-.b-e me obse'^vaticns of ^e'lv e: a: 
, 1990) concerning me 1 Da - b p'o:em o^ BSMv ^-e 
>b p'otein iS cspensab'e *or BSTv^'v miection c' o an:s 
O'ji ,!s absence, v.rai "^ovemeni fmpai^e:) and 
miracetfuiar accurriu.aiion o^ vira. RNA and n-^aio' vt^a'- 
cccec p^c:eins. .nc^uamg coai protein, is -^ar^ec'y re- 
duced it nas been suagesiec (Petiy er a- ' 99C i^-.a: 
yc rra.'^s-activates expression o' o^he' BSMV o^ciems 
anc a Similar phenomenon m,ay account for our cO'Se^- 
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meir expression, ermer ai me 'eve: o? suoge^'C"^* c 
syntnesis Or translation F-j'-ihe^ exoen-r.e'"'a:icn a;;; 
De aim.ed at tes: ng th.s nypc:*"es;£ 
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Abstract. The genes for the capsid proiein (CP) and the 
SK movement protein of PVX were introduced into 
potato {Solarium tuberosum L.) and expressed under the 
control of CaMV 35S promoter using a binary' vector 
and Agrobacterium tuniefaciens. Four commercial 
potato cultivars (Russet Burbank, Shepody, Desiree and 
Bintje) have been efficiently transformed. Eleven 
independent transgenic clones, with CP expression levels 
higher than 0.05% of the soluble leaf proteins, were 
analyzed for resistance to inoculation with PVX (5 and 
50 ^%-rr\\). The resistance of the transgenic plants to 
PVX was observed with the lower titer of virus 
inoculation (5 Mg^'m!) but not with higher titer (50 
Mg-'ml). A significant reduction in the accumulation of 
virus in the inoculated transgenic potato plants has been 
observed under greenhouse and Held conditions. 
Furthermore, the CP gene is ver\' stable and is 
transferred to new plants originated from stem cuttings 
or from tubers. The transgenic plants appeared to be 
phenotypically identical to the nontrans formed controls. 

Abbreviations: BAP = benzyl-aminopurine, BCIP 5- 
bromo-4-chloro-3-indolylphosphate p-Toluidme salt, 
CaMV = cauliflower mosaic virus, CP = capsid protein. 
GAj = gibberellic acid, Kbp = kilobase pair, NAA = 
naphthalene acetic acid, NBT = nitroblue tetrazcl;um 
chloride, NOS = nopaline synthase. NPT 11 = neom\cin 
phosphotransferase II, PMSF = phenyl methyl suU^onyl 
tluonde. PVX = potato virus X, PVY = potato \ irus Y 



I ntroduction 

Potato virus X (PVX) is the most ^videspread of the 
potato \iruses and often completely infects cenain 
commercial stocks, causing y icid reductions estimated to 
more than 15% (Torrance ct al 19S6). PVX may be 
■atcnt, with foliage s>mpToms or cfYcct on plant vigor 



detectable only when closely compared to PVX-free 
stocks. Co-infections of plants with PVX and PVY 
may show a synergistic increase in disease symptoms 
and severity (Vance 1991). PVX is. with few 
exceptions, transmitted vegetatively by tubers m 
susceptible cultivars. Transmission through sap 
inoculation is accomplished by contact of plant parts m 
the field due to wind, animals or machinery. 

In plant cross-protection tests, strains of PVX may 
protect against the effects of one another completely, 
panially or not at all (Matthews, 1949). The 
application of cross-protection in controlling plant \ irus 
diseases has been practiced in some countries and has 
met with some success. Tlie classical cross-protection, 
however, is not recommended as a general practice 
because the so-called mild strains often reduce yield by 
about 5 - 10%» the dominant strain of a virus may 
change to a more virulent strain, and the dangers of 
double infections stiU exists (Fulton 1986). However, 
cross-protection induced by genetic engineering can 
greatly overcome these problems associated with 
classical cross-protection. Plants genetically engineered 
to express the coat protein gene or other nonstructural 
gene of a plant virus can be protected against mfection 
by the same or related viruses (Fitchen and Be3ch> 
1993; Donson et aL 1993, Fang and Grumet 1993. 
Nakajima et aL 1993; Farinelli and Malnoe 1^93, 
Rubino ei a! 1993; Aud>' et al. 1994). 

Potato plants genetically engineered to express the 
coat protein genes of PVX (Hemenway et ul. 1988, 
}^oekema e-; 1^91, Lau son eta/. 1 990, Jongediji 

1992) can also be protected against infections by 
this MRiS L'niike som.e other fomis of iransgene- 
mediated resistance (Fitchen and Bcachy 1993), CP- 
mediated resistance to PVX is dependent on the 
amount of coat protein made in the transgenic plants, 
and :he mechanisms of protection may be similar to 
that of classical cross-protection. The \ iral coat protein 
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encoded in ihe transgenic plants might prevent the 
challenging virus's disassenibly, recoat the viral RNA as 
it is stripped, interfere with the putative receptor site on 
the host, and/or act by some other as yet unidentified 
mechanisms (Hemenway et al. 1988). 

in this study the 8K protein and CP genes of PVX 
were cloned between the CaMV 35S promoter and the 
NOS transcription terminator. These two genes were 
then placed into a binary vector and used to transform 
four potato cultivars. Russet Burbank, Desiree, Shepody 
and Bintje. The resulting transgenic potato plants were 
analyzed for the expression of viral coat protein and for 
their resistance to PVX infection both in the greenhouse 
and in the field. 



Materials and methods 

Construction of recombinant plasmtd w ith a subclone of PV'X cOSA. 
A 13 Kbp fragment of PVX cDNA (clone 117A. Ewcidac/a/. 1990) 
containing Lhc sequences for ihe 8K protein gene, ihc CP gene and the 
y end non-coding region was introduced into the pBrN19 vector, 
Polyrok I (Bevan 1984) bcnvecn the CaMV 35S promoter and the 
NOS tcrminalor (Fig.l), amplified in Escherichia coli JM 101 and 
transferred into and amplified in £ coH HB 101. Tlic T-DNA in 
Polsrok I contains NPT II gene, which is driven by the NOS promoter, 
in addition to a multiple cloning site bordered by the CaMV 35S 
promoter and a NOS polyadcnylation site (terminator). Conjugation 
of A. mmefaciens strain LEA 4404 and E. coli was performed in a tri- 
parental mating process. The donor strain £ coh HBIOl harbouring 
the recombinant plasmid Polyrok I, containing tlic PVX coat prolcm 
gene and the helper strain. E. coli DH5a {pBRK 4013). were used m 
ihe triple mating process. Transformants were selected on LB plalcs 
containing kanamycin (150 ng/ml), nalidixic acid (150 ^ig/ml) and 
streptomycin (375 pg/ml). For plant trans formal ion. A. mmefaciens 
(LB A 4404) containing recombinant Polsrok I with PVX coat-protcin 
gene was grown on selective plates at 25 - 28^. Single colonics were 
grown overnight in liquid LB medium with 100 ^ig/ml kanamycin to 
10" cells/ml. 



Transformation/ Regeneroiion from potato tubers. Virus-tree potato 
tubers of Dcsiric, Russet Burbank, Shepody and Btntjc were stored 
in the dark al 4°C, Potato tubers wctc \s ashed, peeled and surface 
sterilized for 20 mm in a \% sodium hypochloriie solution Tubers 
were then rinsed thoroughly in targe volumes of sterile water. Discs 
1-2 mm thick were sliced from c>linders of tuber tissue prepared 
with a cork borer (10 mm in diameter). Approximately 5 of 
agrobaclcria were applied to the surface of potato discs placed on the 
surface of filter papers (Whatman 1 MM) laid on MSI medium 
contaming MS salts (Murashigc and Skoog 1962) and B5 vitamins 
(Gamborg et ai, 1968) w ith 1 .5% sucrose at pH 5.7 and 0 9% Difco 
Bacioagar in a 12 x 90 mm pclri dish. After 48 hr of co-culture at 
28*'C in the darkness, potato discs were transferred onto the selection 
medium (MS31) containing MS salts, B5 vitamins, 3% sucrose, ! 
Mg/ml kinetin, 1 |ig/ml BAP, 0.5 )^g/n\\ NAA, 100 pg/mi kanamycin. 
400 ^g/nfll carbenicillin and 0.9% agar. Primary shoots that 
developed after 3 - 4 weeks were cut off, and the remaining discs 
were cultured again in the same medium. Secondary shoots obtained 
after 2-3 subcultures were transferred to MS8 medium containing MS 
salts, B5 vitamins, 3% sucrose, 0.5 ^g/ml GA,. 0.5 yigJm\ kinetm, 
100 tag,^ml kanamycin, 400 i-ig/ml carbenicillin and 0 9% agar 
Rooted plants were transferrca to soil and kept under polyethylene 
bags and high humidity for about two weeks before transferring to 
greenhouse conditions. 

Transformation/Regeneration from potato stems .Axenic cultures of 
potato cultivars were propagated in wtro through shoot-tip cuttings 
and mainlained in MSS medium. Internodal stem cxplants were cut 
0.5 cm in length, then cut longitudinally and transferred to the 
bacterial suspension for 2 mtn, blotted on Ihe surface of sterile filler 
papers (1 MM) and uansferred to pclri dishes containing MSI 
medium. Explants (10 per plate) were co-cultivated uiih A 
iumefaciens for 48 hr, Explants \\cre then \\ ashed in MS medium 
containing 1 g/L carbenicillin for 24 hr, before bemg bloned dr\' and 
cultured in MS? mediuni containing MS salts, B5 vitamins, 1% 
sucrose, 1"/* glucose, 1% mannitol, I -^g/ml BAP, 0.5 i^g/ml zeaiin, 
0.5 ng/mi NAA, 400 Hg/ml carbcniciiiin, iOO i^g/mi kanamycin and 
0.9% Bactoagar. AgNOj (10 Mg/m!) was included in MS7 medium 
for Russet Burbank (De Block 1988). Regenerated shoots were 
rooted and transferred to soil as described above All potato cultures 
were grown in a culture room at 22/1 5"'C (day/night), with a 16-hr 
photopcriod at 43 ^iEm^ sec ' light intensity (white fiuorcsccni). 



Fig.l. Schematic representation of 
the arrangement of PVX CP cistron 
in the vector Polyrok I. Plasmid 
vsns digested with Snfo\ and Xba\ 
between the CaMV 35S promoter 
and NOS terminator. PVX cDNA 
clone I17A in pBS* was first 
digested with Sa^ and then treated 
with DNA polymerase I (Ktcnow 
frrigmcnt) to render this end blunt. 
Subsequently the DNA was digested 
^vitli \'ha\ and ligaied prior to 
trains formation in A^robaacrium 
tJnnefjc(€ns{L'B\ 4404) A ^ Acc\, 
CP = capsid protein, SK = 8K 
protein, He - HicW, P = Psr\. TER 
-= icrmtnaior, Xb = Xho\. Xh = 
\ho\ 



PVXcDNA 1174 



T 

t«ti 

KLf KCW TREATMEMT 



POLYPOK I 



PMC A JO) 



(10 k&pl 



"J 2 Sort 



BNSDOCID: <XP 617900A > 




• ics.'cru tloi analysts of coot proicm expression Tula I soluble 
p.-otcins u crc isolated from > oung lca\ ot kjnann cir.-rcii5tant pcuaio 
pi.Tn'.i, 3iid Uom unlransformcd coniro! planis Leaf ir,suc (t e ) \\ as 
c vtrncteJ on icc \s ith 3 nil ofcxuaciion buffer coniiining 0 J M Tris- 
MCI. pH 8 3, 15 mM DTT, I mVI EDTA, 1 mM phensi methyl 
suIfonNt fluoride (PMSF) and I mM benzidine. Proton pcllcli \^erc 
J.ssoi^cd ^vlth sample burTcr 0 5 M Tris-HCi, pH 6 S. 1 U% ghccrol, 
]0*o SDS \\'\\ 5% p-mercaptocihanol and 0 0S° o bromophenoi blue 
and boiled al 1 OO^C for 3 mtn before loading on ihc SDS-PAGE gel. 
Afier cIccLrophorcsis. ihc gcl vsas incubaied in transfer buffer (25 mM 
Tris HCI, pH 8 3. 192 mM glj cine and 20"o mcihanol) Polvpcpndcs 
v^crc transferred onio nitrocclluiosc membranes at a constant voltage 
of 30 V ovemighL Membranes were w ashed v, nh Trfs-buffcred saline 
(TBS. pH 8). and coaled with 5% skimmed milk po\\dcr Membranes 
were incubated overnight with rabbit anli-PVX CP po!> clonal antibody 
conjugated to alkaline phosphatase (1 1000), Oicn carefully washed 
uith TBS, TBS + 0.05% (w/v) Tween-20 and TBS. Fillers were 
incubated \\\\h the sccondarj- antibodies ^alkaline phosphalasc- 
conjugatcd goat anii-rabbil IgG, from Qio-Rad. Melville, NY, 
L'SA){1 :]000) for 2 hr at 22'=C with constant shaking. Filters were 
u.ishcd as described above and incubated for 10 min in developing 
biifTer (lOOmM Tris-HCI, pH 9 0, ICQ mM NaCI and 50 mM MgC!.). 
SLbsiraics NBT (33 mO and BC!P (27 ul) m 10 ml of developing 
buffer was added and incubated in the dark Color dc\ clopmcnt \sas 
stopped by washing the filters wtUi distilled water. 

Inoculation of {ransgenic plants ^mh Fl'X. Transgenic potato plants 
(from A cullivars, 1 1 clones) and uniransformed controls were 
challenged with purified PVX. PVX was punHed Jiccording ihc 
method of Ewcida et a/. (19Q0), and two concentrations of PVX, 5 
uc ml and 50 ng/'ml. were used as inocula Nine plants from each 
ciL.nc or control were used for iJie test. Five lea\cs of each plant were 
hchtl) dusted with carborundum (400 mesh), and each of these leas es 
was inoculated with 200 ^1 of virus solution Inoculated plants were 
kept under greenhouse conditions {25°C ^od 1 6-hr phoiopcriod. Three 
weeks post inoculation, top and unmoculaied ica\ es \serc picked from 
c.ich inoculated plant and used for further local lesion and dot-blot 
h; bridization tests. 

Local lesion assay. Five to seven top unmoculaied leav es from each 
inoculated potato plant were collected One gram of leaf nssuc \vas 
homogenized in 5 mi of 0.1 M phosphate buffer, pH 7 2. and the leaf 
sap was used as inocula on the local lesion host Gomphrena ghbosa 
Opposite leaves of G. globosa were used as test and control, 
respectively. For each transgenic potato clone zr.d control, at Ica^i 9 
pairs of G. globosa leaves were inoculated. Inoculated plants were 
kept under greenhouse conditions as above for 4 to 6 davs before the 
local lesions were counted. 

Dof-bloi h\brtdt:a:ion assay. Two -^l of random pnmcrs (hc\amcr 
ol,godeox>Tibonuclcotidcs of 0 I A :^.'^1. Pharmacia) were annealed 
:o I v:g of PVX DNA (clone i 1 7A linearized with HmdlU) at lOO^'C 
fv>r 3 min followed by quick cooling on ice. F!\ e ;jI of a'*P-dATP 
(10 mCi), 10 Mi of 25 * random primer buffer (500 mM Hcpcs. pH 
6 6, 125 mM Tris. pH 8 0. 12 5 mM MgCL, 25 mM (3- 
n^ercaptoeihanol, 0 05 mM dTTP. 0 05 mM dGTP and 0 05 mM 
dCTP) and I unit of DNA poKmcrasc I (kicnow fragment) were 
added The reaction was performed at room temperature for 30 mm 
and then at 57^C for 1 5 hr The reaction as terminated by adding 
I of 0 5 mM EDTA. and ilic \nlume was adjusted to 100 ^1 wiih 
Jis;i:Icd W3:cr. The mivtufc \\ as passed through a Sephadcx G50 
cj!umn. Fhe probe was boiled tor } r.v,n follow^cd by quick ccohng 
on jcc JUS! before use 

One gram of leaf tissue was homoL^n.ized m : mi extraction bulTcr 
:o::lainmg lOO mM Tns-HCI. pH S 0 .ind 0 l%of Fr-on X-]00 Leaf 
^jp vvas mcuhalcd for 30 minutes on icc and ccr.'.r.fuzc J -it i 6 ("lOO g 
Kr 14 nun at 4 = C The supernatant ^^ ^ collected and k^pt at -'Ci-C 
60 nun and then \vnrnicd to rr.,^^^ icmpcr.iUirc Anoihcr 
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ctntnfugaiion as above \vns crimed nut at-, J iht; ^_ L!p'j:r'..iL;ni wjs 
collected for dot-blot h\ bridii-ation 

Dot-blot h\ bridization assay \>.is perfortiied j.LorJiiig to tfie 
method described by Nikolac\ a t-r (1990) A series of dilutions 
of leaf samples was made, and 9 ^.1 samples from each dilution were 
f;pocted onto a niLrocellulose filler and dried under an infrared lamp 
Dr\ filters were floated on 1 0 ^ SSC/0 5*0 SDS at 56"X^ for 30 mm 
Filters were baked under s'acuum at SO^C for 2 hr and prch\ bndizcd 
in 6 X SSC. 0 12*:'o Ficoll (w/\ ). 0 I Z'^/o pol; vin; l-p> rrohdonc {w'v i. 
0 12% BSA (wyv). 0 1% SDS and 100 ^g'ml denattred herring 
sperm DNA al 60^0 for 1 - 2 hours The h> bridization solution was 
replaced with a fresh solution containing denatured a'-P-lahellcd 
PVX DNA probes (20 ng/'mi. 14 x 10^' cpnL^'ml) and mcubaied at 
60''C for 18 - 20 hr Fillers were washed twice in 2 » SSCO l*o 
SDS for 20 min at room temperature and in 0 2 > SSC.'O 1% SDS 
for 50 min at 56°C. Filters were exposed to X-ray film (Kodak 
X.AR54 at -70°C for 24 - 48 hr with an intcnsif\ing screen 

Field tests of transgenic potato plants for Pl 'X resrsfance Field 
experiments were carried out using v irus-frcc, unit'ormly sized potato 
plants grown from tubers of four Russet Burbank and three Dcsirce 
trancgenlc potato clones Untransformod \ irus-frce Russet Durbank 
and Dcsirci pouto plants N^ere used as controls The held was 
divided into 22 plots Each plot contained 4 rows with 8 plants in 
each row. Plants from each uansgcnic clone and non-transgcnic 
(conu-ol) cukivars were planted in 2 dtfJerent plots (3 plots for each 
control). Plots were randomly distributed in the field Four weeks 
after the plants were transferred into the field, mechanical inoculation 
was carried out using 1 j^g^'ml of purified P\'X as inoculum 
AUemaiing rows of uansgenic and control plants were inoculated in 
each plot, and the other rows were left for yield measurements and 
comparison Three leaves from each plant were taken before and 
after inoculation Samples t'roni both inoculated and umnoculatcd 
plants were taken weekly for 4 weeks post-inoculation and used to 
detect the lc\c! of PVX usmg doi-blot hy bridization 



Results and discussion 

In this report we described the introduction of 
resistance to PVX in four economically important 
potato cultivars, Russet Burbank. Shepody, Desiree and 
Bintje. A 1.3 Kbp fragment of PVX cDNA containing 
the 8K and CP genes and the 3' non-coding region of 
PVX genome was introduced into the expression vector 
Polyrok I (Fig.l). Both potato tubers and stem tissues 
were used for transformation. Our results (Table 1) 
show that the primary shoots (early regeneration) that 
regenerated from stem explants and the majont>' of 
those regenerated from tuber discs uere not Transgenic 
Transformed shoots \\ere recovered mostU from i^rcen 
callus proliferated from both stem e.vplants and tuber 
discs. Shoots regenerated from potato tuber discs 
about one week after subculture onto MS3 1 
Transformation efficiency of these sfioots, although 
growing on 100 ug ml kanam\cm. was lower tfian that 
of the secondarv' shoots (laie regeneration] that 
de\eloped from the tubers after 2-3 subcultures in 
MS3I (Table ! ). Apparently, the placement of tuber 
discs on medium containing growth regulators could 
break the bud dormanc> and slioois emerged tVom 
alrcadv cvisiing primodta These shoots \^ere unable 
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Tabic 1. Transformation/rcgeneralion cfTicicncy of difTcrcnl potato cuUivars 



Cullivar 



Explant 



Early Rcgeneraiion (1st culture) 



Late Regeneration (2nd culture) 







Culture 


Shoots 


Rooted 


CP 


Culture 


Shoots 


Rooted 


CP 






efficiency' 


(Total #)* 


shoots (%) 


(%) 


cfTicicncy 


(Total #) 


shoots (%) 


(%) 


Desired 


TD' 


20/100 


100 


70 


10 


40/80 


90 


90 


50 


Shcpody 


TD 


13/100 


15 


50 


ND 


25/70 


27 


ND 


ND 


Shepody 


S 


30/95 


32 


0 


0 


34/^0 


40 


95 


35 


Russet Burbank 


TD 


9/100 


12 


25 


ND 


20/75 


22 


95 


25 


Russet Burbank 


S 


20/100 


22 


0 


0 


20/65 


26 


95 


25 


Bintjc 


TD 


5/100 


6 


ND 


ND 


15/50 


ND 


ND 


25 



' Culmrc cfHcicncy = number of cxplants rcgcncraicd/numbcr of cxplants cultured. 

* Total number of shoots is higher than the number of regenerated explanis because there was more than one shoot per 

inoculated explant. However, only one shoot per explant was used for rooting and fiinhcr testings. 

' TD; tuber disc; S: Stem; ND: Not delcrmined; CP; Coat protein expression as determined by Western hybridization 



to root in medium containing 100 jag/ml kanamycin. 
After the primary shoots were excised, tuber discs 
formed callus, and new shoots developed. Alihough the 
efficiency of regeneration from stem explants was higher 
than from tubers, this explant source resulted in more 
escapes in both Shepody and Russet Burbank, based on 
their inability to root and survive on 100 \ig/n\\ 
kanamycin. During the early culture period, 20-30 of 
the stem explants regenerated shoots. However, none of 
these shoots rooted in medium containing 100 ng/ml 
kanamycin. The secondary shoots, regenerated from 
callus which formed after removal of the primary shoots, 



successfully rooted on medium containing lOO^g/ml 
kanamycin. Both transformation protocols used in this 
work resulted in morphologically normal shoots. 

The transformation anempts resulted in a total of 40 
kanamycin-resistant plants. All transgenic plants were 
analyzed by Western blotting for the expression of 
capsid protein. Eleven lines were found to accumulate 
detectable amounts of PVX CP (F)g.2). Tne 
accumulated level of CP ranged between 0.05-0.2% of 
extracted total plant protein. Several plants showed 
bands corresponding to PVX CP. Analysis of PVX CP 
accumulation in different leaves of transformed plants 



A) 
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Fig.2 Western blot analysis of PVX CP expression in transgenic 
potato plants. Proteins (15 ^g) were extracted fronn leaves, separated 
on a 12% SDS-PAGE and transferred onto nitrocellulose membranes. 
The membranes were then incubated with rabbit anti-PVX CP 
polyclonal antibody conjugated to alkaline phosphatase. 

A) . Lane 1: 5 ^g protein of control (unlransformcd) Russet Burbank; 
Lanes 2-10: transformed tubers of Russet Burbank giving rise to the 
following transgenic clones; 267, 278. 288 and 273 in lanes 4, 5, 7 
and 10 respectively; Lanes 11-14: transformed stems of Shepody 
giving rise to rvvo plants of clone 304 in both lanes 11 and 14; Lares 
15-17: uansformed tubers of Russet Burbank giving rise to transgenic 
clone 286 in Lane 17. Other larcs were clones that showed no 
dctccuble CP. Lane 18 corresponds to 100 ng of PVX CP control 

B) Lane I control as in A; Lanes 2-11; transformed tubers of 
Dcsirdc giving rise to uansgenic clones 102, 35 and 25 in tanes 5. 7 
and 9 respectively. Lanes 12 and 13: Uansformed tubers of Russet 
Burbank giving rise lo clone 258 in lane 12; Lanes 14-17: 
transformed tubers of Bintje giving to transgenic clone 223 in lane 14. 
Other lanes were clones that showed no detectable CP. Lane 18 
corresponds to 100 ng of PVX CP conlrol. 
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Fig.3 Doi-blot h>bridizaiion of PVX spcciHc a'-P-labclIed DNA 
probes 10 leaf extracts from potato plants moculaicd u,ih PVX in the 
greenhouse, A (5 ^o/mI) and B (50 ^-ml) under erccnhousc 
conditions and C (! M^'ml) in ihc Held 

A) Punned PVX (a - 0 1 pg, b « 10 ng, c = 1 ng. d = O.J ng. e = 
!0 pg, f - 1 pg) and uninfected nonirans formed potaio (Shcfwd) ) 
lanes I, 2. PVX infected nonlrans formed Biniic, Shepodv and Russcl 
Burbank: iancs 3, 5. 8; PVX infected tran.nenic clones Bintje 232. 
Shcpody 304a,b. Russet Burbank 258. 267 2^3 278 ^S6 and ^88 
lanes 4. 6, 7. 9 - M. PVX mfecied .\,ccnana f,l^cum\^ Samlun- 
!anc 15, Dilution facrors in tanes 2 - ] 5 a =• ] '3 , b = 1/50 c = 1/100 
d = ! '200, e ' 1/400, f= 1, '800 and g = 1/1600 

3) L-n,nfecied nonuansformcd potato (Russet Burbank); lane I 
Inoculated nonuansformed Bm[je. Shepodv. Desired and Russcl 
Burbank iancs 2, 4. 6. IC. fnoculaied transgenic clones Bmije 232 
Shcpody 304. Desiree 25. 35 and 102. Ruiset Burhar.k 258 ^68 V3 
:'S. :S6and 2S8 iar,cs 3, 5. 7 . Q, i i . ]6. P-jnC^cd PV\ (a = 10^"' 

^ - i ng. c = 0 I ng. d = 10 pg. e = 1 po. f = n I p2) fane 17* 
Ui.uiion factors in lanes i - 1 6 a - I 50 b =!! Cl.'i c = I -^OO d = 
i iOUO, e = 1 '2000 ' ' ' ^' 

C) Punftcd PVX (a - [ ^g. b - 0 1 ug, c = 1 0 ng, d = 1 ng, c = 0 ] 
• ~ >^J pg) lane 1, Unmfccied nonL'-ansrcrmed RusseTBurbank 
and Dcsiree lanes 2, 12, P\'X mocufa.ed nontransformed Russet 
iurbank and Dcs.ree lanes 4, S, Inoculaied iransgen.c Russet 
Ourbank clones 267. 273. 286. 258 and Desirec clones 102 and 
!ancs 3. < - 7. 9 -I I. D^ut.on factors m lanes 2-12 a = L^O b 
- 1 100. c - lOOO, J - 1 400, c = ! SOv> r = ; [oOO 



and in different plants originaimi^ from 
micropropagal:on of one original clone showed that the 
expression was independent of the leafage (results not 
shown). Funhermore, re-propagated potatoes of the 
original Shepodv 304 clone showed measurable 
amounts of CP. Since transgenic potato clones have 
both 8K and CP genes (Fig.]), the capsid protein 
present in these transgenic plants might be expressed 
by internal nbosome reinitiation (Morozov cr al , 
1991). Potaio plants transformed with the 8K protein 
of PVX and PVY CP genes showed, as expected, 
protection against PVY infection. However, when 
these transgenic plants were challenged with PVX, 
there was no protection against PVX, suggesting that 
the -8K protein does not play a role in the protection 
against PVX (Hefferon et al., 1995, m preparation) 
Transgenic Nicoiiana benthammana plants expressing 
Wild type movement proteins (I3K and 7K) of white 
clover mosaic potexvirus (WCIMV) did not confer 
resistance to WCIMV infection, while only those 
transgenic plants expressing mutants of the ]3K 
movement protein were resistant (Beck a a/.. 1994) 
Consequently, the resistance of transgenic potato 
against PVX infection presented here is tikeiy due to 
PVX capsid protein and not to the SK protem. The 
PVX CP may also act as an avirulence determinant 
uhich can trigger the host resistance response to virus 
infection (Cruz and Baulcombe, 1993). A different 
mechnism which is based on the presence of 
untranslatable^ sense RNA for resistance in the 
potyvirus group was proposed by Lindbo et ol. (1993) 
and Smith et al. (1994), where the resistance may be 
mediated by a cellular pathway, which may eliminate 
or down-regulate aberrant or overexpressed mRNAs, 
This observation seems to be unique to pot> vjruses 

Table 2. Local lesion assay shoumg the resistance of uansgenic 
potaio plants to PVX infcclion %vhen challenged uith 5 pE^'ml PVX 



Culttvar 


Clone 


InfecDv ir>* 


Bintjc 




0 


Sbfpody 


3 04 


0 


Desired 


25 


0 






0 




102 


4 t 0 4 


Rtjssct BLjrbank 


258 


0 




267 


1 5 ± M 




2 "3 


2-^202 




2^S 


2'J 7 * .ij 




2S6 


I ' - : 4 




2S8 


!8 7 1 ! 3 



In;>cii\uy ("c) - nbrnbcr of local lesions (TesLCon'^on . 100 
Smc plinii from each '^ancgcnx cl.-nc '.^cre challcnjicd u PV\ 
r i^e lenses of each .nfcctcd plant u^cd for the l.-cjl lesion 

issa> Nine pa.rs of Comphrena globo^a Icaxcs from each sample 
v^erc inoculated Results arc the average of 3 .nJcpcndeni 
expcnmerls and the numbers arc ^Ho\.n ^K^^h sia.ndard dcx ;a:ion 
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After inoculation with ihc lower concentration of virus, 
5 (J-g/ml, nontransformed potato plants showed high 
levels of virus accumulation two weeks after inoculation, 
while transgenic plants showed no virus accumulation 
after two weeks (data not shown), and absence or very 
little virus accumulation after three weeks, based on the 
local lesion assay and dot-blot h>bridization (Table 2 
and Fig.3). The extent of resistance to PVX infection 
among various transgenic clones was variable. Clones 
Bintje 232, Desiree 25 and 35, Shepody 304, Russet 
Burbank 258, 267 and 286 were resistant and showed 
little or no accumulation of PVX viral RNA in the upper 
uninoculated leaves three weeks after inoculation and 
were free of any visible symptoms. In contrast, clones 
of Russet Burbank 278 and 288 showed lower levels of 
resistance to PVX infection (Table 2) and accumulated 
higher levels of PVX viral RNA (Fig.3A), ^'Vhep 
challenged with the higher concentration of inoculum 
(50 ng/ml of purified PVX), all tested clones were 
positive for PVX after three weeks. In these conditions, 
virus accumulation relative to that of nontransfonned 
control plants, varied between 25 and 100% three weeks 
post-inoculation (Fig.3B). This concentration of 
inoculum is 10 to 50 times higher than that used in other 
PVX resistance tests of transgenic potatoes (Lawson et 
qL 1990; Hoekema et oL 1991; Jongdijk et a/. 1992). 

Transgenic Russet Burbank (4 clones ) and Desiree (3 
clones) and control potato plants were grown in the field 
and mechanically inoculated with PVX. Four weeks 
post-mocuiation, typical PVX symptoms, which include 
slight mosaic and monling, were seen on young leaves 
of inoculated, un trans formed potato plants and on some 
transgenic plants. Most of the transgenic clones showed 
no detectable PVX accumulation prior to inoculation, 
and there was little or no detectable PVX three weeks 
after inoculation (Fig.SC). However, PVX was detected 
in nontransformed Russet Burbank and Desiree plants 
after inoculation. Knowing that the susceptibility of the 
two cultivars (Russet Burbank and Desiree) to PVX is 
quite different, inoculated transgenic clones Russet 
Burbank 273 and Desiree 102 showed 57.1% and 16.6% 
of PVX accumulation, compared to their corresponding 
cultivar controls, respectively (Fig.3C). 

In this paper we demonstrated that several transgenic 
potato cultivars are resistant to higher doses of PVX 
under greenhouse and field conditions. The use of PVX 
transgenic potato in the field can greatly delay PVX 

infection, and consequently reduce the virus 
accumulation in the plants and improve yield. 
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Two mutant potato virus X (PVX) movement protein 
(MP) genes (m1 2K-Sal and m1 ZK-Kpn) were obta- 
ined by inserting specific linkers at the boundary 
between the N-terminal hydrophobic and putative 
transmembrane segment, and the central invariant 
hydrophilic region of the respective 12 kDa, 1 2K, 
triple gene block (TGB) protein. Several transgenic 
potato lines which expressed ml2K-Sal or m12K- 
Kpn to different degrees were resistant to infection 
by PVXt potato aucuba mosaic potexvirus and the 
carlaviruses potato virus M and S over a wide range 
of inoculum concentrations (3-300 ^g/ml). How- 
ever, they were not resistant to potato virus Y, which 
lacks a TGB protein. We suggest that the resistance 
of m 1 2K-Sal and m 1 2K-Kpn transgenic potato lines 
is MP-derived and not RNA-mediated. 



r.-,e elViciency of cell-to-celi ^ irus movement is important in 
Jt-e-r, r.;ng pj:tTogenjcit\' virulence and, m some cases the 
host range ot a plant virus ^ reviewed by Atabekov & Taliansky 
l^oo, Ntaule. T^^l . When the eirhciency ot the transport 
runction and the rate of virus movement are reduced, the plant 
acquires a certain level of resistance to virus infection 

Production of dysfunctional or partially active movement 
prorems :N1P: in transgenic plants i^ assumed to conter 
resistance to the wild^type fwt) virus by competition between 
•,vt viru^-coded MP and the preformed modified MP im.MP. In 
support of this assumption, it has been reported that transgenic 
tobacco plants which produce a non-functional MP of tobacco 
mosaic virus iTM\' acquire resistance to TMV infection 
Malysnenko .i,' 1^^3- Lapidot et ^! I^^3^ !n ^addition 
transgenic plants expressing non-functional TMV MP ^vere 
resistant to sev'eral distantly related or unrelated viruses 
■Lapidot f-.^.j; Cooper eta! 1095 i. These results sugges^ 



1 tnat tnere are conserved functions among the MP ot d:frerent 
I plant viruses, despite an apparent lack of sequence simiianty. 

Unlike toDamoviruses and many other \ iruses which ha% e 
1 a Single MP gene, a module ot three partially overlapping 
genes known as the triple gene block iTGBi was found in the 
genomes of potex viruses, carla\ iruses, hordeiviruses and some 
I hjro-like viruses iMorozov ct al.. 198^; Rupasov et a!. :^i^9: 
Scott ct ai . \^9A) Mutations m each ot the TGB genes have 
been shown to inhibit the virus transport function ^Petty^^Sr 
I jackson. 1^90: Beck ^-f ^7/., l^^l Gilmer 1^^: ■ AngelWr 

ai, \ooo) The hrst OR? of the potato virus \ iP\'X: TGB 
encodes a protein ot molecular mass 25 kDa ■25Ri 'Fig. 1 *t 
I Skryabm ct .i/. l^SS) The i:K and proteins encoded by 
the'second and third ORFs of PVX TGB ':F.g. and their 
■ counterparts in other viruses, possess hydrophobic domains 
i .Pig. lb. and were found to associate with a membrane- 
enriched rVachon ni i^^rc and n: i-,vr iMorozox .7,' : ^^0 
Rjcnards Tamada, 1^9:, Donald ct ai. 

Recently it was shown that \i::^raun ba:th.vy::a>u plants 
which express a modihed 13K MP, encoded by the central 
TGB ORF of whire clover mosaic potexvirus WGlMV'- ;Fig 
lb), were resistant to systemic infection with VVclMV' two 
other potexviruses and potato virus S iPV'S: ;Beck c! a:.. : ^^^4 
In this paper, we snow that expression in transgenic potato 
plants of the PVX I2K MP gene, specihcally modihed at rhe 
region encoding the boundar^■ betw-een the hydrophobic and 
hydrophilic segments confers MP-derived resistance to P\A 
potato aucuba mosaic potexvirus 'PANU',^ and the cariax iruses 
potato virus M (PV'Mi and PVS Movement of these viruses 
r.ithin the inoculated lea^■es was blocKed Howev er tne plants 
were susceptible to potato virus ^ iPV'X^ 

A portion of the PX'X genome including the :2K and 5k 



izenes 



1 



vas amplined and cloned mro tne 



Author for correspondence: -oseo*^ Atat^eKPv 



tran':crip:ion vector pBS 'Stratagenei to give pXT"-:! as 
described Atorozov ct .r. l^^l • pRTllWT was constructed 
by :u:r;ng pXT'-l2 at an £c/'RI site artihcialb. introduced 
upstream ot'the IZK gene and a H:kc1[ s:te 'position 3cS5 m 
the P\'X genome' and msernng the isolated fragment <con- 
tainin^ rhe wt TGB 12K and i^K protein genes^ into 
t:.Tvi^5'^Mi^cie3ved pRTiOl ioprer a ji pfCl2\VT 



0O01-A478 : 1997 SGM 
BNSDOCID- <J<P 20 73446 A > 



P S-sppanen and others 



U) 



kb 



contr. S107 K103 K2W E213 



( h) 

pocex PVX wt 12K 
PVX -nlZK-Sal 
PVX tnl2K-Kpn 
PVX ml2K-E 
po-ex WCIMV wt 13K 

WCLMV pl3b 
pocex CYMV wt 12K 
carla PVM wt 12K 
carl a C/B wt IIK 
furo 3NYW wt 13K 
horde L BSMV wt i4K 



T VCiTTFLLS R NSLPHVGD . NIHSLPbGGAYRDGTKAILYK 

Lvl^^FLLSRvdpr NSLPHVGD . NIHSLPLGGAYRDGTKAILYN 
Lvll^FLLSRr-^StprNLpHVGD.NIHSLPI^YR^ 

tvL^^L^s. . : : : :ShspkvgS.hlhnlpfggkykdgtksi^ 

T VT uk^LlS DHSPKVGD . HLHNLPFaaBf KaaaKSTKY? 

^V^:^:^L^I STLPHTGD . NIHSLPHGGHYllDGTKVIGYN 
^Il^LIR STLPWGD . RPHNLPHGGWYRDGTXSVFYN 
^^TYSR OTLPQVGD . HSHLLPHGGVYKDGTICTYVYG 
^^fl^OOK ^^THSGGDYGVPTFSNGGIYRDGTRSADFN 

^Y^^NQK. : : .HS?Ei^D.NIHKFAKGGSYRDGSKSISYW 
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, , (o, Sc.e..,c .ep.esenta.on o. PVX ^e^.^-on-c^^^^^^ -..line. ^^^^^^ 

shown by open boxes and ind.catea by the nnolecular ™' pvX qenome cioned m the transgenes ot the S-. 

.ndicates the 5" cap structure. The th.ck line above shows P^-'/^^^^.^i,, .^^^ed by the central TGB ORF of PVX, white 
K- and E.ser,es (.) Al.gnment of conserved ^V^rooMjc^eg^ s o he prote^s c=ded^b^^ chrysanther^um v.rus B 
clover mosaic (WOMV) and clover yenow mosaic (f^^^,^' P^^^^^^'^'^ ,,„pe rr^osaic hordeiv.rus (BSf^V) The positions of 
(CVB) carlaviruses. beet necrotic yellow vein Z^"^,^' I, ^, ,994) and the PVX mutant ml2K-E. and the 

ammo add substitutions m ,he > 3K MP of the WO MV ^^'^^^ '^^^^^^^^^^ N-term,nal hydrophobic 

insertions in PVX mutants ml 2K-5al and m , 2'<-^P;f extracted from leaves of untransformed 
segment ,s overiined above the PVX sequence (c) ^"^^^^ " f ^^^f E21 3. Molecular masses are marked in kb. 

p^ato (cv. Pito) as a control and mMP-transgen, line^ S^ 07. K^^^^ ^^^^^^^^^ ^3,^ The probe 

The arrow indicates the predicted position of 1 2K/8K mKiNA expreibcu 

was ''P-laoelled pUCl 2WT 



was constructed by subclon.ng a Xho[-BamH\ fragment from 
pRTUWT into S«/l-Bflr"HI-cleavecl pUCl9 

To create the ml2K-Sal and ml2K-Kpn mutants of the 12K 
MP several codons were inserted (in frame) into the central 
hydrophilic domain of the 12K protein gene iFig. 1 b). A 12 nt 
insertion (mutant ml2K-Sal) and an 18 nt insertion (mutant 
mPK-Kpn) ir. the 12K protein gene were created by inserting 
a" modified Sail linker (octamer) and a Kp-il linker (U-mer), 
respectively, into the filled Xbal site (position 5249 m the PVX 
genome) of pUCl2VVT, to give pUC-Sal and pUC-Kpn pRT- 
Sal and pRT-Kpn were constructed by inserting an 
EcoRl-BamHl fragment of pUC-Sal and pUC-Kpn. respect- 
ively, into pRTlOl. 

The mutant ml2K-E (Fig. lb) used in this study was 
constructed by PCR-mediated mutagenesis using pL'Cl2V\'T 
DNA as template and two primers: 12mod-Xki. 5' GCTTtcta- 
gaAATAGTTTAGGTTATAACATTGACAGTTCACC 

ACACAGAGGA 3', and the universal sequencmg primer. The 
primer ilmod-Xba corresponds to an internal region of the 
PVX I2K gene including an authentic X/wl site (shown in 
lower-case) and a 9 nt deletion and four single base pair 
changes compared to the w.ld-type PVX RNA sequence 
(positions 5245-5305). The resulting PGR fragment was 
cleaved with Xbfll and BnmHl and cloned into pUClZV^T. to 
give pUC-E pRT-E was constructed by inserting the EcoR- 
\-Ba,nH\ fragment of pUC-E into pRTlOl The 12K gene in 
pUC-E was sequenced to confirm the modified gene. Plant 
expression cassettes were constructed in the binary vector 
pBlN19 (Bevan. 1984) by excision of Hii/dlll fragments from 



the pRT-based plasmids (pRT-Sal. pRT-Kpn and pRT-E) and 
insertion into Hindlll-cut pBIN19. 

pBINl9 plasmids containing the ml2K-Sal, ml2K-Kpn or 
ml2K-E genes were conjugated into Asrobaderium iumefaaen, 
pGV2260, a non-oncogenic helper strain. Pieces of potato 
stem (Solam,m luberosum cv. Pito) were used for Agrobadenun,- 
mediated transformation as described by Truv^ ff rtMl9«3l 
Transgenic lines with the modified ml2K-Sal, ,.,12K Kpn and 
ml2K-E genes were referred to as S-. K- and E-ser.es lines, 
respectively. 

Of 44 transformed potato lines 15 S-, 12 K- and 10 E-series 
lines were selected for further analyses by Northern and, or 
Southern blotting. In Northern blots, several independent lines 
of each series showed the presence of 12K and 8K mRNA 
(mMPn of the expected size. Fig. 1(f) shows Northern blot 
analyses of some lines used for further testing of virus 
resistance. Some lines showed no 12K or 8K RNA expression 
(data not shown) and were not tested for resistance. Significant 
differences in RNA expression levels were also notv .-d 
between different mMP^ clones (Fig. 1 c and data not shov. n). 

Three-week-old plants obtained from transformed tissue 
explants, with five to six true leaves and already containing 
leaflets were used for challenge virus inoculations 'three to six 
leaves were inoculated per plant). Three inoculum d.lution- 
(300 30 and 3 Mg/ml) of PVX (Russian strain) were u.ed for th 
infectivity tests. Leaf tips (about one-third ot the leaf), wer 
inoculated mechanically with 20-30 nl inoculum Virus ac- 
cumulation was tested by DA^ELISA (Clark & Adams, 19- 
10 days post-inoculation (p.i.) in apical inoculated (Al). non 
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inoculated middle 'A-l' and basal iBi sections u\ the challenged 
leat, as well as m non-inoculated i systenmcalK- intected) lea\'es 
(Si at 30 days p i. All ieat sections irom one plant were pooled 
for further testing by DAS— E LISA 

To check for virus resistance, selected lines with different 
levels of PV^X-specific mRNA expression iFig. m the S- 
(SlOl, S102, SIO", 5113, SI 15 and Sll9), K- (K103, KlOc, 
KlC^, K20"', KlQO and KZWi and E-series iE203, E204. E213 
and E215; plants, as well as non-transgenic control plants, were 
inoculated with PV'X and other \'iruses. Plants of line S 10" iFig. 
2j, K209 tFig. 3t/). K103 KlOo, KlO". KlQ", SlOl, Sl02. Sll3 
and Si 15 (data not shovvnj. which expressed modihed 12K 
genes imMP' j, were completely resistant to PVX infection at 
an inoculum concentration of 3 (.ig/ml Consequently, both 
cell-to-cell and systemic movement of PVX were blocked in 
transgenic mMP' plants of the K- and S-series. Importantly, 
there was no correlation between 12K transgene mRNA 
accumulation and resistance (that is high lesels of resistance 
were found both in high and low mRNA expressing lines) We 
propose that even low level ml2K expression supports the 
resistant phenotype 

At higher PVX inoculum concentrations (30-300 )ug/ ml), 
the accumulation of PVX in AI leaf sections of mMP* plants 
was reduced in comparison to control MP" (Fig. 2/^l); 
however, the level of resistance was considerably lower than 
that with an inoculum concentration of 3 ng 'ml. It should be 
noted that when virus accumulated to a certain level m the AI 
section of the leaf, systemic spread of infection occurred ev en 
in the absence of virus accumulation in the M and B sections 
(Fig. Ih. c). 

mMP* plants of the mI2K-E series were exceptional. 
Despite the high level of PVX-specihc RNA expression 
detected by Northern blotting, no resistance to PVX infection 
was detected in all four lines tested : E213 iFig 2^/;. E203. E204 
and E215 (data not shown,). The reason for the inability of this 
12K MP modihcation to confer resistance to PVX is not clear. 

P.AMV potexvirus is distantly related to P\'X, whereas PVS 
and PVM are members of the genus Carlaviru^. Although these 
viruses encode TGB proteins, their genomes share little 
nucleotide sequence similarity with the PVX genome iXu et a!., 
1994; Rupasov ft a!.. 1989), Transgenic potato plants (mMP* 
line K209) transformed with the mutated PVX 12K and wt 8K 



gene to PVX (a-r) Resistance of plants transgenic for tne -r" ZK^Sa. ge'^e 
lune 5107) to PVX at three nocuiun- concentrations (3. 30 or 
30Oiag. rnl) Analogous Oata (not shown") were obtained witn the ml2K- 
Kun gene (d) Susceptibiliry of oiants transgenic for the 2K-E gene 
inne E2 ' 3) to PVX inoculated at 3 mQ reDresents the 

DAS-ELiSA absorbance values with pero^tdase-ccjugated antibodies 
Virus was detected by DAS-ELlSA tn pooled sannples Vom hve to six 
inoculated leaves o* each pianr and data were averaged *or ^ve to six 
separate plants ' 0 da;,s d ' '^or inoculated leaves) and 30 days p > {for 
systerrtic 'eavesi Stanoa^^d error bars are presented Ai Apical T.ocu.ated 
M. miod e non !"ocu ated 3 basa inoculated secno-^s o* the same 
eaf 5. s ^sterr.icaiiy ir*ected eaves Coiurrrs > control iMP ) plants 
Coiurrns 2 '^^'rp' 'ra'^sge'^ics of iires S'O'^ {a~c\ or E2 1 3 ,a] 
exoress.nq a "^-ra^ed ' 2K "^^P ge^^e 
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F,q 3 Resistance of Dotato plants expressing a modified i 2K MP PVX gene (l.ne K209) to (a) PAMV. (b) PVM, (c) PVS. 
P^^X Barrrhow DAS-E^^ for the accu^ulafor. of each v.rus m transgen.c PVX mMP^ plants or control plants .nocuUted 
^th 12 5 uo/m PAMV, 7-5 uq/ml PVM. 30 ^g/m, PVS or 3 ,g/mi FVX. respect.vely. Abbreviations are as for F.g. 2 Coiunnns 
1 , control (MP i plants; Columns 2. Mmp' transgenics of line K209 expressing a nnutatea i , ^r^ Mr gene. 



genes were inoculated with PAMV, PVS and PVM by the 
procedure described above. Fig. 5{a-c) shows that transgenic 
plants were resistant to all three vinises, at least at the 
inoculum concentrations used in our experiments. 

It can be concluded that both cell-to-cell movement and 
systemic spread of PAMV, PVS and PVM were blocked in the 
K209 transgenic plants. In a separate series of experiments 
(data not shown), we found that transgenic plants of lines K103 
and S107 were also resistant to PAMV, PVS and PVM. 

To determine whether the resistance was also manifest 
against viruses lacking a TGB gene, transgenic K- and S-series 
potato plants were inoculated with PVY". No significant 
differences m the levels of PVV* accumulation m inoculated or 
in systemically infected leaves were observed in mMP^ 
transgenic plants compared with control (MP") potato plants 
(data not shown). 

Transgenic mMP^ N. hentkamiana plants (Beck et al., 1994.' 
which expressed the mutated 13K WClMV MP (Fig. 1 b) were 
found to be resistant to systemic infection with WClMV 



PVX, PVS and narcissus mosaic potexviruses, but were 
susceptible to TMV, lacking a TGB protein. These obser- 
vations suggested that expression of the modified UK/13K 
MP gene of a TGB was able to protect transgenic plants 
against a range of viruses possessing a TGB protein; however, 
there was no protection against viruses lacking a TGB protein 

We suggest that the resistance of mMP^ plants (S- and K 
series) was due to interference between the modified (pre- 
sumably partially functional) 12K MP and that of the 
challenging virus, rather than to a sense-RNA-mediated effect 
(Smith et . 1994; English et a\ 1996). Unfortunately, this 
particular ; oint was not discussed by Beck et al (1994). 

Several lines of evidence strongly support this theopy'. 
Firstly, the susceptibility of four lines of E-series plants to PVX 
(Fig. lii) bhows that, despite the almost complete sequence 
homology between wt PVX RNA and the RNA produced by 
the mI2K-E transgene, there was no resistance to PVX. This 
point IS also supported by our unpublished data on the 
complete lack of resistance to PVX in jV. hentkamiana and N. 
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uwacuni plants expressing v;t PVX 12K and 3K pro^em genes 
Secondly, a high level of PV'X accumulation (over ^0% m 
comparison with wt plants^ in non-inoculated systemic leaves 
ot transgenic potato iFig. 2^^ c) is not consistent with the 
blockage of RNA replication or recovery' phenotype pro- 
voked by an RNA-mediated mechanism. Finally, it is unlikely 
that resistance of mMP* plants to four different viruses (PVX, 
PAMV, PVS and PVM) with low nucleotide sequence identity 
^}iy-5Q%) in the TGB region was caused by the highly 
sequence-specific nature of RNA-mediated resistance (English 
et a! , 1996). Additionally, m the most conserved hydrophilic 
region, PVX displays 68-^0% ammo acid sequence identity 
and only 62^3% nucleotide sequence identity with PAMV, 
P\^S and PVM. Also, in the ml2K-E transgene there is a ^ 
90% nucleotide sequence identity to wt in the hydrophilic 
region yet no resistance was observed m plants of four 
independent lines. These facts unequivocally argue against an 
RNA-mediated mechanisnn of resistance. It is probable that the 
MP encoded by the central gene of the TGB of different 
viruses share a common function not present in the MP of 
TGB-lacking viruses. Therefore, the modified i2K genes 
(mI2K-Sal and ml2K-Kpn) act in mMP* plants as dominant 
negative mutants affecting different TGB-possessing vimses. 

We thank Dr A F Bobkova for DAS-ELISA tests and Dr A G. 
Solovyev for some gene constnjcts We also thank Dr T Teen tor the 
Agrohactenum vector constructs and K Koivunen. A. Kerttuia and A 
Aaltonen for transformation and technical assistance 
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(57) Abstract 



The present invention concerns a method for 
inducing resistance to a virus comprising a TGB3 
sequence with the proviso that it is not the potato 
virus X, into a ceil plant or a plant, comprising the 
following steps preparing a nucleic acid construct 
comprising a nucleic acid sequence corresponding 
to at least 70 9c of the nucleic acid sequence of 
TGB3 of said virus or its corresponding cDNA, 
being opcrably linked to one or more regulatory 
sequence! s) active in a plant, transforming a 
plant ceil with the nucleic acid construct, and 
possibly regenerating a transgenic plant from the 
transformed plant cell. The present invention is 
also related to the plant obtained. 
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METHOD FOR INDUCING VIRAL RESISTANCE INTO A PLANT 

10 

Fi^X<A Qt th^ invention 

The present invention is related to a method 
for inducing viral resistance into a cell and plant, 
especially BNY^/^/- resistance into a sugar beet cell and 
15 plant and the viral resistant cell and plant obtained. 

Background of the invention an d state of the art 

The widespread viral disease of the sugar 
beet plant (Beta imlaaris) called Rhizomania is caused by a 

20 furovirus, the beet necrotic yellow vein virus (BK^YW) (23, 
24' which IS transmitted to the root of the beet by the 
soilborne fungus Polymyxa. betae (25) . 

The disease affects significantly acreacres of 
the area where the sugar beet plant is grown for industrial 

25 use m Europe, USA and Japan and is still m extension m 
several places m Western Europe (26, 2" . As there exists 
no practical method to effective!;/ control the spread of 
the virus at a large scale by chenical tr cn\'sical TP.eans 
(28) , neither m the plants nor m the so^l , tne T.am focus 

30 has been to identify natural sources of resistance within 
tne sugar beet gerTiplasm and tr ie'/elrp by breeding, 
varieties of sugar plants beet e::pressing tne resistance 
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genes. A variety of such tolerance genes to the virus has 
been identified and, some have been successfully used in 
Che breeding of commercial sugar beet varieties (2^, 30, 
31) . 

5 Only the use of BNYW - resistant or tolerant 

varieties will enable farmers to grow sugar beet plants in 
BNYW- infected areas where sugar beet plant is an essential 
component of the crop rotation and contributes 
significantly to the grower's income. 

A number of detailed studies have shown that 
a difference m susceptibility to the BNYW- infection among 
sugar beet genotypes or varieties.. generally reflect 
difference m the diffusion or translocation of the virus 

in the root tissues (32) . 

^5 However, there are still few reports which 

indicate clearly that the tolerance genes, even from 
differing sources of sugar beet germplasm or wild relatives 
germplasm (33), would provide distinct mechanisms of 
resistance. Such a situation would represent a more 

20 manageable situation to design long lasting BNYW- 

resistance strategies. 

Since 1986, number of reports and 
publications have described the use of isolated viral gene 
sequences expressed in plant to confer a high level of 

^ Hv,^ r-iic; or even to confer a broad 
25 tolerance against the virus or 

c^r qnc^ aqamst a number of related 
spectrum type of resistanc-, ^yc^x 

viruses (34, 35, 36). One of the most documented viral 
resistance strategy based cn generic engineering, in many 
cultivated species such as potato, squash, cucumber or 
30 tomato, is the use of the viral gene sequence encoding the 
.oa--protein of the target virus ;3- which under the 
.^r-^ol of olant regulatory elements, will be expressed m 
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^he plant . 

However m che case of the coat -protein 
media-ed resistance, the expression of a certain level of 
resistance m the transgenic plant rr.ight be attributed to 
5 different mechanisms such as RNA co- suppression and not 
necessarily to the production of the protein sequence. 

In general, txhe virus sequence will be 
transf orn:^.ed m an appropriated cell or a tissue culture of 
the plant: species using an A groba c t en urn mediated 
10 transformation system or a direct gene transfer method 
according to the constraints of the tissue culture or cell 
culture method which can be successfully applied m a given 
species. A whole plant will be regenerated and the 
expression of the transgene will be characterized. 
15 Though sugar beet is known as a recalcitrant 

species m cell culture, limiting the extent of practical 
genetic engineering applications in that species, there are 
number of isolated reports of successful transformation and 
regeneration of whole plants (38). A few examples of 
20 engineering tolerance to the BNYW by transforming and 
expressing the BNYW coat -protein sequence m the sugar 
beet genome have also been published ^39, W091/13159) 
though they rarely report data on whole functional 
transgenic sugar beet plants (40). In particular, reports 
25 show limited data on the level of resistance obser^v^ed m 
infected conditions with transgenic sugar beet plants 
transformed with a gene encoding a ByJY\^^' coat-crctem 
sequence (41, 42) . 

A complete technology package mcludir.c a 
30 sugar beet transformation method ana the use of the 
expression of the BMYW coat -protein sequence as resistance 
source m the transgenic sugar ceei clan:: retained c/ said 
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transformation method has been described 11 the Patent 
Application W091/13159. 

Based on the information published, it can 
not be concluded that the coat-protein mediated resistance 
5 mechanism provides any potential for conferring to the 
sugar beet plant a total immunity to the BNYW- infection by 
inhibiting completely the virus multiplication and 
diffusion mechanisms. To identify a resistance mechanism 
which enables to block significantly the spread of the 
10 virus at the early stage of the infection process would be 
a maior criteria of success to develop such a transgenic 
resistance, in addition to the fact that even a level of 
resistance comparable to those known from the genes of 
resistance identified withm the sugar beet germplasm would 
15 diversify the mechanisms of resistance available. 

Because the disease is shown to expand in 
many countries or areas, at a speed depending upon the 
combination of numerous local environmental and 
agricultural factors, there is a ma^or interest to 
20 diversify the sources of genetic resistance mechanisms 
which may, alone or in combination, confer a stable and 
long lasting resistance strategy in the current and future 
varieties of sugar beet plants which are grown for 
industrial use. 

25 The publication of Xu H. et al . (Plant Cell 

Report, vol. 15, pp - 91-96 (1995)) describes genetically 
engineering resistance construct to potato virus X m four 
commercial potato cultivars. However, saia document states 
that transgenic potato clones which have included the 8KG 
30 gene (the TGB3 construct). However, when -hese transgenic 
plants were challenged with PVX , there was no protection 
against PVX suggesting that the OK prcteir. does not play a 



BNSDOCID:<WO 9807875A1> 



wo 98/07875 PCT/BE97/0O092 



role m the protection against PVX . 



AiTTtg of the invention 

The present invention aims to provide a new 
5 method for introducing various viral resistances into a 
cell and a plant and the viral resistant cell and plant 
obtained . 

A main aim of the invention is zo provide a 
new method for introducing BNYV^/ resistance into a cell and 
10 a plant and the BNYW-resistant cell and plant, m 
particular a sugar beet cell and plant ' Beta ^njlaari 
ssp . ; r obtained. 

St^TOmary of the invention 
15 The present invention provides the use of an 

alternative sequence of plant virus, especiall^^^ the BMYW, 
to obtain a high degree of tolerance to the viral 
infection, m particular to ensure a rapid and total 
blocking of virus multiplication and diffusion mechanisms 
20 in a plant, especially in the sugar beet plant ( Beta 
x^jI Claris ) . including fodder beet, Swiss Whard and table 
beet, which may also be subject to this viral infection. 
Expression of the resistance will- be obtained m transgenic 
cell and plant, especially sugar beet cells and plants 
25 produced by the transformation method subject to the Patent 
Application WO95/10178 or by other transformation methods 
based on ^g^rc^^a C t eri U/t] Clime^'t^C^er.g or direct gene transfer. 
Because of its high efficiency, the v rans f or^.a t icn m.ethcd 
as described m WC95/1017S enables tne production of lar=?e 
30 nuTi:ers cf t ransf ormated plants -^specially sugar oeet 
plants, and w^ll be preferred to de-.'^il:^p transgenic olants 
whizh ma\' oe analysed and cha ra r t e i z-jc zzr their l*3vel of 
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viral resistance, especially BNYV^J Resistance, including 
their field evaluation. 

The geno-ie of beet uecioLic yellow vein 
furovirus (BNYW) consists of five plus -sense RNAs , two of 
5 which (RNAs 1 and 2) encode functions essential for 
infection of all plants while the other three (RUAs 3, 4 
and 5) are implicated in vector-mediated infection of sugar 
beet (BSJ^Jmlm^) cell-to-cell movement of 

BNYW is governed by a set of three successive, slightly 
10 overlapping viral genes on RNA 2 known as the triple gene 
block (TGB) (2), which encode, m order, the viral proteins 
P42, F13 and P15 (gene products are designated by their 
calculated Mj- m kilodal'ton (3) . 

In the following description, the TGB genes 
15 and the corresponding proteins will be identified by the 
following terms : TGBl , TGB2 , TGB3 or by their encoded 
viral protein number P42, P13 and P15 . TGB counterparts are 
present m other furoviruses (4, 5), and m potex-, carla- 

and hordeiviruses (6) . 

In the table 1 are represented viruses having 

f-Ho mol^r-ular weiohc of TGB3 of said 
a TGB3 sequence, the moiecuiar wtf^yii., 

viruses, their host and references. 
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Table 1 



Virus 


jSize of 
TaB3 


Host 


Reference 


Apple seem pitcmg virus 


8 kDa 


apple 


Jelkman, j. Gen. 
Virol. 75, 1535-1542 
(1994) 


Blueberry scorch virus 


|7 kDa 


blueberr 

y 


Cavileer et al . , J. 
Gen . Vi rcl . 7 5, 711- 

720 (1994) 

-i — 


Fonaco virus M 


7 kDa 


potato 


I 2a vr lev et al . , j. 
Icen. Virol. 12, 9-14 
(19911 


White clover mosaic 
virus 


5 kDa 


c lover 


Forster et al . , 
Nuci . Acxds Res. 16, 
291-303 (1988) 


Cymhidium mosaic virus 

! 


10 kDa 

i 
1 


orchid 


Neo er al , , Plant 
Mol . Biol. 19, 1027- 
1029 (1992) 


IBarley scripe mosaic j 
1 VI rus 


17 kDa 


barley 


Gustaf son et al . , 
Nucl . Acids Res, 14, 
3895-3909 (1986) 


Potato mop top virus 

i 

L 


2 1 kDa 


potato 1 


Scott et al . , J, 
Gen . Viroi . 75 , 
3561-3568 (1994) 


Peanut clumD virus 1 

! 
1 

t 


1"^ kDa 

i 

1 

1 

I 


Deanu t 

j 

— I 


ri'^ "nr "ZOO et al. v_7 
Gen, Virol. 75, 
3147-3155 1I994) 


Beet soil -borne virus 


2 2 kDa 

P 

1 


sugar 
Deet 


Koenig et ai . , 
V'iroiogy 2 16, 202 - 

2 2'^ 19 9 6; 



The Inventor" pr.^ccse nerewitn a new Tiethod 
fcr providing resistance t plant '/^ruses into a plant r:v 
5 blocking -/irus rul t ip 1 1 r a 1 1 or: a.:::.:^!::": mechanisms mtc 
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said plane, especially into its root tissue. In order to 
demonstrate said resistance, the Inventors describe 
hereafter the effect of the overexpression of TGB sequences 
alone or in combination upon BNYW multiplication and 
5 diffusion mechanism in plants of C . gu i noa which are also 
the hosts of the BNYW virus and which could be more easily 
manipulated by the man skilled m the art. 

The Inventors have also made experiments upon 
ng.. ^.^r-nr^.^rna . These results have shown that it will be 
0 possible to obtain also the transformation of plants by the 
method according to the invention and obtain expression of 
TGB3 gene by said plants. Therefore, as explained in the 
following description, said method could be used to obtain 
various viral resistances into various plants species 
.5 subject to infection by viruses characterized by the 
presence of a TGB3 sequence m their genome. 

It IS known that BNYW does not require 
synthesis of viral coat protein for production of local 
lesions on leaves of hosts such as rf^^rr v^n U m QMinQ^ (7), 
,n .r.A,r-^rir.c. that virion formation is not required for cell- 

to-cell movement. 

However, the manner m which the TGB 
components assist m the movement • process is not understood 
although computer-assisted sequence comparisons have 
25 detected characteristic conserved sequences which may 
provide clues to their function. Thus, the 5 ' -proximal TGB 
protein (TGBl) invariably contains a series of sequence 
motifs characteristic of an A.T? /GTP-binaing helicase while 
the second protein (TGB2) always has two potentially 
30 membrane -spanning hydrophobic domains separated by a 
hydrophilic sequence which contains a nighly conserved 
oeotide motif of unknown significance . 6 . Tne sequence and 
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size of the third TGE protein ;tgE3' is ir.cre variable 
although the N-ternnmal portion is generally rather 
h\^droph3bic: . SubgenoT.ic PJtiAs with 5 ' -termini ::iapping 
upstream of the BNYW' TG31 and TGB2 open reading frames 
(ORFs) have been detected (Figure 1) but no such species 
has been reported for TGB3 of BNY^/V (2), or of any other of 
the TGB-contaming viruses. In the case of potato virus X 
;PV:<:; ref S) and barley stripe mosaic virus (33MV; ref . 9), 
the re is evidence that the TGB2 and TGB3 products are 
expressed from the same subgenomic RNA. 

So far, no example has been reported of a 
virus in which the three TGB members are arranged 
differently on the same RNA or are parcelled cut to 
different genome RNAs , suggesting that their association in 
a particular order might be important m regulating their 
f unct ion . 

The present invention concerns a method for 
inducing viral resistance to a virus comprising a triple 
gene block (TGB) with the proviso that it is not the potato 
virus X. Said virus is preferably selected from, the grouD 
consisting of the apple stem pitting virus, the blueberry 
scorch virus, the potato virus M, the white clover mosaic 
virus, the Cymhidluin mosaic virus; the barley stripe mosaic 
virus, the potato mop top virus, the peanut clump virus and 
the beet soil -borne virus; said method comprises the 
following steps : 

- preparing a nucleic acid construct com.prismg a nucleic 
acid sequence corresponding tC' au. least "C^^- of the 
nucleic acid sequence of TGB3 oi said virus or its 
corresponding cDNA, being operably linked to one or more 
regulatory sequencers active m a plant, 
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- transforming a plant cell with the nucleic acid 
construct, and possibly 

- regenerating the transgenic plant iron the transformed 

plant cell. 

5 Preferably, the plant is a plant which may be 

infected by the above-described virus and is preferably 
selected from the group consisting of apple, blueberry, 
potato, clover, orchid, barley, peanut and sugar beet. 

The present invention concerns also the 
10 obtained plant cell and transgenic (or transformed) plant 
(made of said plant cells) resistant to said viruses and 
comprising said nucleic acid construct. 

The Inventors have also discovered 
unexpectedly that it is possible to induce BNYW- resistance 
15 into a plant by a method which comprises the following 
steps : 

- preparing a nucleic acid construct comprising a nucleic 
acid sequence corresponding to at least 70%, preferably 
t least 90%, of the nucleic acid sequence of comprised 
between the nucleotides 3627 and 4C25 of the 5^ strand of 
the genomic or subgenomic RNA 2 of tne BNYW or its 
corresponding cDNA, being operably linked to one or more 
regulatory sequence (s) active in a plant, 

- transforming a plant cell with said construct, and 
25 possibly 

- regenerating a transgenic plant from the transformed 
plant eel 1 . 

The nucleic acid sequence comprised between 
the nucleotides 352-7 and 4025 of the 5 'strand of the 
30 genomic or subgenomic RNA 2 encoding the P15 protein is 
described m the figure 6 and m the publication (3). Said 
nucleic acid sequence and the corresponding ammo acid 



a 
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sequence are described m the follcwmg specificricn as SEQ 
ID NC . 1 . 

Ar-.cr.her aspect of che present invenLj^on 
cO'r.cerns a plant cell and a transgenic plant ^T.ade of said 



10 



plant cells; resistant zo BNYW and comprising a nuclei 



c 



acid construct having a nucleic acid sequence corresDcndmg 
CO at least 70%, preferably at least 90%, tc the nucleic 
acid sequence comprised between the nucleotides 3627 and 
4025 of the 5' strand of the genomic or subgencmic RNA 2 of 
BN^r^rv or the corresponding cDNA, being operably linked to 
one or Tiore regularory sequencers) active m the plant. 

Preferably, said plant cell or transgenic 
plant ;made of said plant cells) resistant no BNY^A^ is 
obtained by zhe method according to the invention. 
15 The variants of the nucleic acid sequence 

described as SEQ ID NO. 1 comprise insertion, substitution 
or deletion of nucleonides encoding the same or different 
ammo acidis:. Therefore, the present invention concerns 
also said variants of the nucleic acid sequence SEQ ID NO. 
20 I which present more nhan 70% homology with said nucleic 
acid sequence and which are preferably able to hybridize to 
said nucleic acid sequence m stringenc or non- st rinaent 
conditions . 

Preferably, said sequences are also able to 
25 induce BNYV\'' resistance into a plant. 

The terms "induce a viral resistance into a 
plant" mean inducing a possible reducticn or a 
significative delay into the appearance of mrecticn 
syrrptom.s, virus muJ. t ipl i ca :: i cn or its cif fusion m.echanisms 
30 into the olant , especial 1'/ i:: r/::c reel tissue. 
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sequence (s) active into a plant. 

The nucleic acid construct may also include a 
selectable marker gene, whicn could be used to identify the 
transformed cell or plant and express the nucleic acid 
5 construct according to the invention. 

Preferably, the cell is a stomatal cell and 
the plant is a sugar beet ( Beta \njlcraris ssp .) made of said 
cells. 

According to the invention. the promoter 
10 sequence is a constitutive or foreigner vegetal promoter 
sequence, preferably selected from the group consisting of 
35S Cauliflower Mosaic Virus promoter sequence, 
polyubiquitm Arabidopsis thaliana promoter (43) , a 
promoter which is mainly active m root ::issues such as the 
15 par promoter of the haemoglobin gene from Perosponia 
andersonii (Landsman et al . Mol . Gen. Genet, 214 : 68-73 
(1988)) or a mixture thereof. 

A last aspect of the present invention is 
related to a transgenic plant tissue such as fruit, stem, 
20 root, tuber, seed of the transgenic plant according to the 
invention or a reproducible structure (preferably selected 
from the group consisting of calluses, buds or embryos) 
obtained from the transgenic plant or the cell according to 
the invention. 

25 The techniques of plant transformation, 

tissue culture and regeneration used m the method 
according to the invention are the ones well known by the 
person skilled m the art. Such techniques are preferably 
the ones described in the International Patent Applications 

30 WO95/10178 or W091/13159 corresponding tc the European 
Patent Application EP - B - 0 5 1 78 3 3 , which are incorporated 
herein bv reference. These techniques are preferably used 
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for che preparacion of transgenic sugar beets accordmQ to 
the invention. 

Brief description of the drawings 

5 The figure 1 represents Structure of wild-type 3NYW RNA 2 

and of repiicons expressing TGB proteins. 
The figure 2 represents the In \.^itro translation of the 
repiicons of the TGB genes m wheat aerm 
extract . 

10 The figure 3 represents the amplification of the repiicons 

encoding the TG3 proteins m Chenopcd:iuw 
quinoa protoplasts and expression of P42. 
The figure 4 represents the complementation of RNA 2 
transcripts containing defects in the 
15 different TGB genes by the corresponding 

wild-type gene supplied from a replicon. 
The figure E shows the effect of repiicons on infection 

with wild-tVTDe BMYW^ RNAs 1 and 2, 
The figure 6 represents the nucleotides and am.ino acid 
20 sequence of TGB3 encoding the P15 of BNYW . 

The figure ^ shows the presence of the coding regions of 
tne B^^YW pi 5 gene m the sugar beet genome 
by a PGR . 

The figure 3 snows the integration of the BNYW P15 gene 
25 in the sugar beet genome by Southern blot 

hybridisat ion . 

Description of the invention 

In order to identify the potential use cf 
30 particular gene sequences isclarec zr::^A the viral RNA2 of 
BNYW and create Brrrr/ - res i s' ance m a sugar beet via 

plant t rar.s r r r-nat ion , tne ::v/^ntrrs nave investigated 
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whether independent expressions of the 3MYW TGB protein is 
possible by inserting the ORF of each into a viral 
replication-dependant "replicon" derived from BNTW RNA3 . 
The Inventors have showed that in mixed infections of C. 
c[\iinoa leaves, the BNYW TGBl or TGB2 protein so expressed 
can complement BNYW RNA 2 containing a mutation disabling 
the corresponding TGB protein. No complementation was 
observed with a replicon containing TGB3 , however , unless 
the TGB3 ORF was positioned downstream of the ORF for TGB2 
m the rep 1 icon , When co - inoculated with wild- type RNAs 1 
and 2 , the repl icon expressing the TGB3 ORF of BN^'W 
inhibited infection. The data are consistent with a model 
for expression of the TGB proteins in which translation of 
P15 from a dicistronic subgenomic RNA regulates P15 
expression levels in vivo. The Inventors have also 
identified that high expression of P15 could ensure a rapid 
and total blocking of virus multiplication and diffusion 
mechanisms in the plant . 

MATERIALS AND METHODS 

cDNA clones 

The transcription vector for product ion of 
wild-type full-length BNYW RNA 1 and RNA 2 were pB15 (10) 
and pB2-14 (11), respectively. Transcription vectors for 
previously described RNA 2 mutants were pB2-14-F, -H, -I 
and -J (2) and pB2-14-ASN; -AS12, -AS37, -ABl, -AB2, -AB2, 
-AN and -GAA ( 11) . The RNA 2 deletion mutant pB2-14- HPl 
was produced by el immat ion of the sequence between 
nucleotides 3153 and 3258. The empty BNY^^/^7 RNA 3 -derived 
replicon, repO, was obtained by transcription of the RNA 3 
deletion mutant pB35AAES (12) . TGB sequences for insertion 
into repO were amplified by the polymerase chain reaction 
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■;PCR; using primers which each contained a ncn- 1 empiat ed 
BawHI sice at their 5 extremity . PGR fraaments 
corresponding to tne F42 gene (nucleotides 212^- 32 9"-:^ , the 
P13 gene muclectides 32S2-3650), the PIS gene (nucleotides 
5 3627-4025) and both the P13 and P15 genes (nucleotides 
3232-40251 were digested with BamHl and inserted into 
SaMil -cleaved pB3 5Ai^E£. The resulting constructs were used 
to transcribe rep42, repl3, repl5, and repI315, 
respectively. A replicon containing a frameshift mutation 

10 m the P15 GRF (Repl5-X) was produced by filling m the 
overhangs of an insert Xbal site (nucleotide 3948; . The 
insert frameshift mutations m repl3-I, repl315-l and 
repl5-ir were created as described for the corresponding 
mutations m full-length KH^A 2 (2). Cloned PCR- amplified 

15 sequences were verified to be error -free by sequencing 
( 13 ; . 



Tapped transcripts were prepared by 
20 bacteriophage T^ polym.erase run-off transcription (10) of 
plasmid DNA linearized by Hindlll for p315 and the replicon 
constructs and by Sail for pB2-14 and related constructs. 
Transcript concentration and integrity were evaluated by 
agarose gel electrophoresis. Leaves were mechanically 
25 inoculated with 50 ^1 per leaf of inoculation buffer 
containing 1 ^g of each transcript !2' . In some 
experiments, tne RNA 1 and 2 transcripts were replaced bv 
C.C25 ^g of the highly infectious vir^l PJJA ourified fro^m. 
3NYv"v isolate Stras 12 ' 1 0 ^ . Preliminar-' experi^er.ts shewed 
30 that this amount cf viral Rr:A w^t, 3 or r r :■: i ma t e ^ y ocuivalent 
m mfectivity as measured oy a ^r-^al les:cn assay to a 
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transcripts. For protoplast infections^ 0,5 /ig of viral 
RNAs 1 and 2 plus 3 /ig replicon transcript were inoculated 
to 2 , 10^ protoplasts by elect roporat ion (2). 

Transcripts obtained from replicons were 
5 translated in a wheat germ extract (14) and the [^^S]- 
labelled translation products were visualized by 
autoradiography after SDS-PAGE (15, 16), Radioactivity 
incorporated into translation products was quantified with 
a Fun IX MASIOOO BioAnalyzer and the values were adjusted 
10 for methionine content m calculating relative translation 
levels , 

npr.f^rticn o f viral RNA and proteins 

Total RNA was extracted (2) from inoculated 
15 leaves 10 days post - inoculation (pi) and from protoplasts 
48 hr pi. Viral RNA was detected by northern hybridization 
with ^2p_iabelled antisense viral RNA transcripts (17) as 
probes. The RNA 1-specific probe was complementary to 
nucleotides 4740-5650, the RNA 2-specific probe to 
20 nucleotides 2324-3739 and the RNA j-specific probe to 
nucleotides 1-380. P42 , P14 and coat protein were detected 
by Western blot of total protein extracts of infected 
protoplasts using a rabbit polyclonal antiserum specific 
for each protein (18) . The stability of mutations 
25 introduced into RNA 2 was tested by the polynucleotide 
chain reaction following reverse transcription (RT-PCR) of 
total RNA extracts from infected plants. Reverse 
transcripts were produced with an Expand'^^- reverse 
transcription kit (Boehringer) following the manufacturer's 
30 instructions. PCR was carried out essentially as described 
(19) usma 25 cycles of the following regimen: 94 ^ (30 
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sec) , 5C ^ f30 sec; , 72 ^ (3 mm) . Primer pairs for PGR 
arr^pl 1 f icat icn of different regions of the RNA 2 cDNA 
corresponded to (or were compi emen t ary zo , m the case of 
the second menber of each pair of primers) nucleotides 
5 1143-1151 and 3393-3412 (P42 gene), and nucleotides 3151- 
3169 and 4128-4148 (?13 and P15 genes) . The primer used to 
initiate cDNA synthesis prior to the PGR reactions was 
complementary to nucleotides 4123-4148. 



10 RESULTS 

Replicons expressing the BNYV^/ TGB proteins 

Provided that sufficient sequences at the 3'- 
and 5 ' -extremities are retained, a BNY^A^ RNA 3 transcript 
from. which the central region has been deleted can 
15 replicate efficiently on C. quinoa leaves when comoculated 
with RNAs 1 and 2, and can express a foreign gene inserted 
m place of the deleted sequence (12, 20) . The Inventors 
have used such an RNA 3 -based "replicon'' to express each of 
the BNYW TGB proteins out of their normal context m RNA 2 
20 and tested the capacity of each replicon to comLolement an 
RNA 2 mutant defective rn the corresponding TGB gene. 

The replicons employed m this study are 
depicted in Figure 1. Figure 1 A 'is the C-enom.G m^ap of RNA 
2. The TGB genes are shaded and lines above the map 
25 indicate the extents of the subgenom.ic RNAs 2sub^ and 
2subb, The positions of deletions and framieshr ft - inducing 
insertions m RNA 2 are indicated. Tne 5 '-terminal cap 
structure is denoted by a circle. F21 i5 the m.ajor viral 
coat protein. RT readthrougn dcm.am ',3 . 'B' BN^fV"/ p^NA 3- 
30 derived replicons contamina cne TGH cene^T cf BNYW 'light 
shading^ cr tne TG33 gene enrrdin._: - : of peanut clump 
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virus (PCV) (dark shading) . The BamRl site m the e'Tipty 
replicon (repO) used for insertion of the PCR-amplif led TGB 
sequences is snown. The positions of frameshif t - inducing 
insertions m the various P13 and ?15 mutant repl icons are 
5 indicated. In addition to the constructs rep42, repl3 and 
repl5, which each contain a TGB gene, a fourth construct 
(repl315) was produced containing both the P13 and P15 
genes arranged m the same relative configuration as in RNA 
2. The ability of each replicon to direct expression of the 
10 inserted gene or genes was tested by in ^^'itro translation 
of the transcript m a wheat germ extract. The rep42 , repl3 
and repl5 transcripts each directed synthesis of an 
abundant product (Figure* 2A, lane 2; Figure 2B, lanes 2 and 
3), which was not produced m translations programmed with 
15 transcript corresponding to the empty replicon, repO 
(Figure 2A, lane 1; Figure 2B, lane 1). In the figure 2 
(A) ; are represented S^^ -methionine - label led translation 
products of the empty replicon repO (lane i; and rep42 
(lane 2) displayed by autoradiography following PAGE (15) . 
20 The indicated band was identified as ?42 by comparison of 
Its mobility to that of molecular weight markers (not 
shown) . In the figure 2 (B) , are represented translation 
products directed by repO (lane 1), repl3 (lane 2), replS 
(lane 3) and repl315 (lane 4) displayed by autoradiography 
25 following PAGE (16) . The bands tentatively identified as 
P13 and P15 are indicated to the right . The background band 
denoted by an asterisk was also synthesized when no 
transcripc was introduced into the translation extract. The 
relative mobilities of the various translation products 
30 were as expected except that the putative P13 migrated 
slightly more slowly than P15, presumably because of its 
nontypical ammo acid composition. The dicistronic 
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construct repl315 directed synthesis of both P13 and P15 
(Figure 2B, lane 4 1 m relative molar ar.ounts of 3:1 
:value£ -crrected for the difference m >Tie t lii on^ r:e contents 

of the two proteins; if the M-termmal methionine of each 
5 protein is removed pos t - t ransl at lonal ly , the molar ratio is 

5:1) . 

The capacity of the replicons to be amplified 
oy the viral replication machinery in vivo was tested by 
comoculating replicon transcripts to C. qumn^ protoplasts 
10 along with BMY^A- PJsJA ' s 1 and 2. Northern blot analysis of 
total RNA extracted from the protoplasts 48 hr pi revealed 
that all the replicons containing the TG3 genes were 
efficiently amplified "(Figure 3A) . The figure 3 (A) 
represents detection by northern hybridization of viral 
15 RNAs m C. quinoa protoplasts inoculated with BNYV^J RNAs 1 
and 2 alone (lane 2) or supplemented with repO (lane 3), 
rep42 (lane 4) repl3 (lane 5) repl315 (lane G) and replS 
(lane 7) . RNA from mock- inoculated protoplasts was analyzed 
in lane 1. The protoplasts were harvested 48 hr pi and 
20 viral RNAs were detected using ^^P- labelled viral RNA- 
specific antisense RNA probes. The replicons are indicated 
by arrow heads. The figure 3 (B) represents Immunodetection 
of P42 m total protein extracts* of C, quinoa nrotoplasts 
inoculated with 3NYW RNAs 1 and 2 (lane 2), transcript of 
25 wild- type RNA 1 plus transcript of the RNA 2 mutant pB2-14- 
H, which contains a frameshift mutation m the P42 crene 
(11) (lane 3:', tne RNA 1 and pE2-14-H transcrints clus 
rep42 (lane 4; . Protein extracted frcm mock- inoculated 
protoplasts was analyzed m lane 1. After PAGE 15' and 
30 electrotransf er tc ni t roce 1 ul ose , P42, ma^rcr viral coat 
c r o t e 1 n (CP' ana P 1 4 were i mmu n c d e t e c t e d with a m. i x t u r e of 
antisera specif ir fcr each prc*:e^:: IS . The positions of 
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molecular weight scandards are labelled xn kilodaltons Co 
the left of the blot. Western blot analysis revealed that 
the P42 level in protoplasts infected wxch a mixture of 
rep42 plus transcripts of RNA 1 and the frameshift mutant 
5 PB2-14-H, caused by filling in an Spel site within the P42 
gene of RNA 2 (see Figure 1) , was about twice that in 
protoplasts infected with 'RNA 1 plus wild-type RNA 2 
(Figure 3B, lanes 2 and 3) . Note that the levels of 
accumulation of two other immunode tec table RNA 2 gene 
10 products (the major viral coat protein and P14 ; Figurel) 
were not modified by the presence of rep42 . P13 and P15 
could not be immuno-detected m such experiments. 

Tl^^ RMYw TGB pT-ofPins ran he compl^mgntgg in tr^ns 
3_5 The ability of the replicons containing the 

TGB genes to supply movement functions in whole plants was 
tested by coinoculating leaves of the local lesion host ^ 
rpiinoa with one of a series of RNA 2 transcripts containing 
a mutation disabling a TGB gene plus a replicon containing 

20 the corresponding wild-type gene. In all experiments, the 
inoculum also contained transcript of wild-type RNA 1 as 
source of viral RNA-dependent RNA replicase, although this 
fact will not always be stated explicitly below. For the 
P42 gene, the RNA 2 mutants tested included the frameshift 

25 mutant (pB2-14-H) caused by filling in an Spel site at 
nucleotide 2280, a series of mutants containing short m- 
frame deletions at different positions m the P42 ORF 
(mutants pB2-14-AS12, -ASN, -ABl, -AB2 , -AN, and -AHP!- ; 
Figure lA; also see ref. ID, and a deletion mutant (pB2- 

30 14 -F; Figure 1) where removal of a 93 5 nucleotide sequence 
upstream of the P42 ORF has inactivated the prom.oter for 
the subgenomic RNA (RNA 2suba': responsible for P42 
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syntr.esis. Inocuxa containing RNA 1 transcript plus any one 
of the above rr.utant RNA 2 transcripts did net produce local 

lesions on Z T^-^' no^- and no progeny viral R1:a could be 

detected m the inoculated leaves 10 days pi (Figure 4, 
lanes 3 and 5; see ref . 11 for the other mutants) . In the 
figure 4, the replicon indicated at the top of each lane 
was inoculated to leaves of ' C. q[uinaa together witri wild- 
type RNA 1 transcript plus either wild-rype RNA 2 
transcript (lane 2^ or the n-.utant RNA 2 transcript 
identified above each lane. In lanes 19 and 2C the inoculum 
contained rep42 and replS (lane 19) or rep42 and repl315 
(lane 2 0},, m addition to RNA 1 and p32-14- HPl 
transcripts. Lane 1 co'ntams RNA from a non - mocul at ed 
control plant. Inoculated leaves were harvested IC days pi 
and tested for viral RNA contents by northern hybridization 
as described m Figure 3. The positions of replicons are 
indicated by arrows. When rep42 oranscript was included in 
the inoculum, num.erous local lesions (20-8G oer leaf) 
appeared on the inoculated leaves except for the inoculum 
containing transcript of the RNA 2 deletion mutant pB2-14- 
HPl, which remained symptomless , The resulting pale green 
lesions were similar m appearance to those elicited by 
inoculation with RNA 1 plus wild-type RNA 2 except for the 
RNA 2 mutant pB2-14-F, where necrotic local lesions were 
formed. In this later case, the necrotic lesion phenot^/pe 
m.ay be related to production of a truncated form of the 
readthrough (RT; protein by this RNA 2 mutant : 

Northern hybridization of the inoculated 
leaves 10 days pi revealed the presence rf prcgeny viral 
RNAs of the length expected for RNAs 1, 2 and rep42 for all 
the RNA 2 mutants 'Figure 4, lares 2, ~; , ^-11 except the 
deleticn m.ucanr pB:-14- PiFl Figure 4 .ane 13' . As w^ll be 
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shown below, the failure of pB2-14-AKPl to be complemented 
by rep42 is probably due to deletion of the promoter for 
the subgenomic RNA (RNA 2subb) , which is believed to direct 
translation of the downstream TGB proteins. 
5 Similar complementation experiments were 

carried out with repl3 , repl5 and the dxcistronic construct 
repl315. Both repl3 and repl315 were able to complement 
accumulation on leaves (Fig 4, lanes 14 and 15) of the 
mutant pB2-14-I, m which the P13 gene had been disabled by 
10 insertion of four nucleotides (the insertion created an 
Xhol site) , although the resulting local lesions were 
necrotic. Necrotic local lesions were also produced during 
mixed infections with the aforesaid replicons and wild-f/pe 
RNA 1 and 2 (see below) , indicating that the replicon- 
15 related symptom phenotype is dominant over the wild- type. 
The novel symptoms may be related to differences m -.he 
time course of synthesis or the level of accumulation of 
P13 when It is expressed from the replicon rather than 

full-length RNA 2 . 

-r_ rT,ciT-,t- a aiifh rhose described above. 

It is important to demonstrate that the m.utation originally 

introduced into the P42 or PI 3 gene on the RNA 2 transcript 

was still present m the progeny RNA 2, that is, the 

defective copy of the TGB gene on the transcript had not 

25 been converted to the wild- type by RNA recombination in 

planta (21) with the copy present on the replicon. 

Therefore, an RT-PCR experiment was carried out on the 

progeny viral RNA from a plant infected witn RNA 1, pB2-14- 

H transcript fP4 2 gene disrupted by filling m an Spel 

30 site) and rep42 . The primer pair used in the RT-PCR 

hyL.idized to RNA 2 sequences flanking the P42 gene and 

hence amplifies the copy of tne gene present m RNA 2 but 
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nor the copy on the replicon, where the flanking sequences 
are absent. Restriccion enzyme analysis revealed that the 
SpeL oite was absent m the resulting aTipiified CNA 
fragment, as expected for the mutated rather than the wild- 
5 tynpe form of the TGE gene. Similar analysis of progeny 
viral RNA from plants infected with RNA 1, pB2-14-I 
(fram.eshift mutation m P13 gene creating anXhoZ site) and 
either repl3 or repl315 similarly demonstrated that zhe 
mutation disabling the copy of the P13 gene on che RiMA 2 
10 transcript was conserved m the progeny RNA 2 . We conclude 
that rep42 and repl3 are indeed complementing ?42 and P13 
function by supplying the gene product in nrans rather than 
simply ser^/mg as a source of the wild--ype TG3 sequence 
for recombination . 
15 Unexpectedly, the replicon expressing the 

wild-type ?15 gene (repl5; was unable to complement the 
P15-def ective RNA 2 m.utant pB2-14-J m mixed inoculations. 
No local lesions formed on the inoculated leaves 10 days pi 
and no viral RNA could be detected m the leaves by 
20 northern blot (Fig 4. lane 17). On the other nand, when 
pB2-14-J transcript was comoculated with repl315, local 
lesions (of the necrotic t^'pe) appeared and progeny viral 
P^As were readily detected (Figure 4, lane 13) . in this 
latter case, analysis of an RT-PCR product containing the 
25 P15 gene m the progeny RNA 2 revealed that the m.utaticn 
disabling the gene was still present. Complementation of 
p32-14-J still occurred when the P13 ORF m tne diciscronic 
replicon was mcerrupted by =i frameshift mucaticn recl315- 
I; Figure 1 . estabiishmo chat expression cf full -length 
30 P13 from the first ORF of tne iicistrDnir replicon is not 
required f~r ccmplemenr a t icn cy :ne cownstream copy of the 
F 1 5 C7 e n e . 
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Evidence r.har, P15 ^ e^prggS^d LlqE! a_ d:LC^ S trcn 

An RNA 2 -derived subgenomic RNA (RNA 2sub^) 
of about 1500 nucleotides length has been detected in 
5 BNYW- infected tissue (2). The 5 '-extremity of this species 
has not been mapped precisely but is predicted to lie near 
the 5 '-terminus of the P13 ORF . No subgenomic RNA with 5'- 
end upstream of the P15 CRF has been detected, raising the 
possibility that, as m BSMV (8), P13 and P15 are both 
10 expressed from RNA 2subi-j. 

The af orem.ent loned inability of rep42 to 
complement the P42 -defect ive RNA 2 mutant pB2-14- HPl could 
stem from polar effects of the RNA 2 deletion on synthesis 
of downstream TGB proteins if the deletion has disabled the 
15 RNA 2sub]3 promoter (The right-hand boundary of the deletion 

in pB2-14-AHPl is only 30 residues upstream of the P13 
initiation codon) . To test this hypothesis, an experiment 
was carried out in which the pB2-14-AH?l transcript v/as 
complemented with both rep42 and repl315. Leaves inoculated 

20 with this mixture developed local lesions dud contained 
progeny viral RNA ' s (Figure 4, lane 20). If, on the other 
hand, repl3 rather than repl315 was used along with rep42 
to complement pB2-24- HPl, no symptoms appeared and no 
progeny viral RNA ' s were detected by northern blot (Figure 

25 4, lane 19), These observations are consistent with the 
hypothesis that the pB2-14- HPl deletion interferes with 
expression of the downstream TGB ORF ' s , presumably by 
bloclcing RNA 2sub^ transcription. Furchermcre , che fact 
that complementation was successful with repl3 15 but not 

30 with repl3 indicates that P15 as well as P13 is translated 
from RNA 2subv3. 
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Ir^deoendent expression of P15 inhibits infection with w: ; . ^^- 

The ability of repl315 but net replB to 
complement the PIS -defect ive RNA 2 rr.utant pB2-14-J m leaf 
5 infections coula indicate that independent expression of 
P15 frorr- the mcnocistronic replicon interferes with the 
viral infection cycle by producing the gene product m 
excessive quantities relative to P13 . To test this 
hypothesis, an experiment was carried out m wnich reolS 
10 was inoculated to £^ QuiHQ^ leaves along witn wild- type 
viral RJ>:As : and 2. No lesions appeared on the inoculated 
leaves, even at late times pi (Figure 5A) , and no viral RNA 
could be detected by northern blot (Figure 5B, lane 6] . The 
figure 5 (A) represents leaves of C. yuino<^ inoculated with 
15 RNAs 1 and 2 (left) or RNAs 1 and 2 plus repl5 (right) . The 
leaves were photographed 20 days pi when the local lesions 
on the leaf to the left had expanded so as to cover much of 
the leaf surface. In the figure 5 (B) , analysis by northern 
hybridization (as described m Figure 3) of the viral RNA 
20 contents of C. yuinoa leaves inoculated with BNY^^PJ RNAs 1 
and 2 alone (lane 1) or together with repO ;lane 2) , rep42 
(lane 3), repl3 (lane 4), repl315 (lane 5), replS (lane 6), 
repl5-J (lane ^; , repl5-X (lane 3) or repPCV-Plt (lane 9) 
The positions of replicons are indicated by arrows. (C) 
25 Analysis by northern hybridization of the viral RNA 
contents of the inoculated leaves planes 1, 3 and 5' and 
the roots (lanes 2, 4 and 6) of Be ta ma arc ca, x'^ r^ eitner 
mock - inoculated (lanes 1 and 2' , inoculated with 3NY\'^J RNAs 
2 and 3 ; lanes 3 and 4) or with RNAs 1. I and 3 clus 
3 0 replS planes 5 and 5 i . RNA ^ was included m the mcculum 
because it is necessar'/ tor s\'3temic movement m 5, 
iv.ao rcca rpa .22 Under these c c nd 1 1 1 o n s , lea -/e s i n O' c u 1 a t e d 
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with RNAs 1 and 2 alone were heavily infected { Figure 5 A ; 
Figure 5B, lane 2) . The inhibition of virus infection by 
replS was dose -dependent . Addition of ten times less replS 
to the inoculum mix still resulted in almost complete 
5 inhibition of lesion formation but lesser amounts of the 
replicon were progressively less effective in blocking the 
infection. ReplB also blockied the appearance of progeny 
viral RNA m the inoculated leaves and m the roots of B eta 
macrocarpa . a systemic host of BNYW (Figure 5C, lanes 5 

10 and 6 ) . The empty replicon, repO , and replicons expressing 
the other- two TG3 proteins (rep42, repl3, repl315), on -he 
other hand, did not significantly inhibit BlsTYW infection 
of C. quinoa leaves (Figure 5B, lanes 2-5). 

Since repl5 did not interfere with 

15 amplification of RNA 1 and 2 in C. quinoa protoplasts (53ee 
Figure 3), this suggests that the replicon interferes with 
movem.ent of the virus from the initial site of infection 
into neighbouring cells {cell-to-cell movement) during 
local lesion formation on leaves. Lesion formation was not 

20 inhibited by comoculat ion of Stras 12 RNA with the 
replicons repl5-J or repl5-X (Figure 5B, lanes 7 and 8) , 
which encode frameshift -truncated forms of P15 . This 
finding confirms that expression of P15 from the replicon, 
rather than the simple presence of the corresponding RNA 

25 sequence, is required for inhibition during the mixed 
infection experiments. In the presence of replB-X, however, 
the resulting local lesions were about one third the 
diameter cf the lesions formed by infection with Stras 12 
alone or with Stras 12 plus repl5-J and the content of 

30 progeny viral RNA m the infected leaves was significantly 
lower (Figure 5E, lane 8) . This finding suggests that the 
almost full-length P15 molecule produced by repl5-X, 
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although incapable of subsmruuing for wild-type P15 a 
complementar ion experiment, can interfere with the cell-to- 
cell Ticverr.ent activity of the wild-type ?15 produced from 
RNA 2. Presumably, the full-length and truncated forms of 
P15 com.pete with one another for binding sites on another 
component fwhich could be of either viral or cellular 
origin) involved m the movement process. 

As noted above, sequence comparisons between 
different viruses possessing a TGB have revealed little 
sequence similarity between the different TGB3 genes. For 
example, the 17 KEa TGB3 protein (P17) of peanut clump 
furovirus (PCV) displays no significant sequence sim.ilarity 
with P15 of 3NYW (4) even though both viruses can infect 
Q^gjAlnQ^. To determine whether independent expression of 
15 the PCV TGB3 protein can interfere with a BMY\^ infection 
m a manner similar to that observed with replS, a BISTYW 
RNA 3 -derived replicon containing the PCV TG33 {repPCV-P17; 
Figure 1} was constructed. C. quinQ<^ leaves inoculated with 
BNY^v^^ RNAs 1 and 2 plus rep?CV-?17 did not develop symptoms 
20 and no progeny BNYV^J RNA ' s could be detected by northern 
blot (Figure 5A, lane 9) . This observation suggests tnat 
the pathways by which 3NYV\' and PCV move from cell-to-cell 
Q^anino^ share at least one • comm.on element which, m 
spite of their dissimilarity in sequence, interacts with 
25 the TG33 products of both viruses. 

The Inventors have shown that repl icons 
carrying P4 2 and P13 can complement BNYV^ RNA 2 carrvma 
the corresponding defective gene but that a replicon 
carrying P15 cannot. In th'- latter case, com>p^ement at ion 
30 can occur, however, if tn- ?15 aene is supplied as the 
second gene on a dicistroni; -i:a repl315 carr^/mg the F13 
gen- m first position. -:icu^:: ce "oted that tne 
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relative disposition of the PI 3 and PI 5 genes on rep 13 15 is 
identical to their disposition on RNA 2subt^ , the subgenomic 
RNA which is believed to direct synthesis of both proteins 
in wild-type infections. This suggests that successful 
eel 1-to-cell movement of BNYW requires the presence of PI 3 
and P15 m appropriate relative amounts and that production 
of both proteins from the same subgenomic RNA represents a 
mechanism for coordinating their synthesis. The inability 
of rep 15 to complement the PI 5 mutant RNA 2 transcript pB2 - 
14-J and Its ability to inhibit infection by wild-type 
virus would then both be due to over-production of P15 
relative to P13 when the former is translated from the 
rep 1 icon and the latter from RNA 2 . When PI 5 is expressed 
from the dicistronic replicon rep 13 15 , on the other hand, 
appropriate relative P13-P15 levels would be produced, 
allowing cell-to-cell movement to proceed . The " correct " 
relative levels of accumulation of P13 and P15 in a wild- 
type infection are not known. Translation of repl315 in 
wheat germ extract produced three to five tim.es more ?13 



the situation in planta since the turnover rates of the cwo 
proteins may differ significantly. Note that these results 
indicate that TGB-mediated cell -to-cel 1 movement is less 
sensitive to over-expression of P42 and P13 relative to the 
"correct" levels characteristic of a normal infection since 
CO- inoculation of rep42, repl3 or repl315 with wild-t;/pe 
virus did not inhibit infection (Figure 5, lanes 3-5), 
although the lesions produced m the presence cf repl3 and 
rep 13 15 were necrotic . Thus , 1 1 shows that express ion of 
P15 m transgenic plants could provide a mechanism for 
inducing BNYV^/- res is tance ( ''pat nog en - de r i ved res i stance " ; 
ref. 23) m such pxants, provided tnat sufficient "^1 5 
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expression levels can be attained . 

To gam a better understanding of how the 
relaiivG ievsl^: of PI3 and P15 are regula*^ed during 
translation will require learning how the P15 oistron is 
5 accessed by ribosomes oi: RNA 2subb. Translation initiation 
at an internal cistron of a eucaryotic messenger RNA may 
occur by several mechanisms, including (i) leaky scanning, 
where a fraction of the ribosomal subunits which begin 
scanning the RNA at the 5' -end move past the first (non- 
10 optimal: upstream AUG without initiating (24), and (ii) 
internal entry, where ribosom.al subunits bind directly to a 
special sequence on the RNA near the internal initiation 
codon (25). A third possible mechanism, termination- 
reinitiation (24), appears unlikely to apply to any of the 
15 TGB - containing viruses because the overlap between the TGB2 
and TG33 cistrons would require ribosomes to scan backwards 
after term.mating TGB2 to reach the TG33 initiation codon. 
It has been suggested that the TGB3 proteins of BSM\' and 
PVX are translated by a leaky scanning m.echanism. (S, 9) . 
20 The BNYVy P15 gene may also be produced by leaky scannmQ 
although it should be noted, however, that the context of 
the BNYW P13 initiation codon ; AUA AUG U) is nearly optimal 
and there are also two downstream AUG ' s which scanning 
subunits would have to ignore tc^ reach the P15 initiation 
25 codon. 
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The following examples are t r ans f orma t i c: 
plant made by the technique described m the Internati 
Patent Application WC9 5 1 C 1 - mccrporated nereir. 
refere p*ce 
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The plane material and growth conditions were 
the ones described by Hall et al . , Plant Cell Reports 12, 
pp. 339-342 (1993) Pedersen et al . , Plant Science 95, 
pp. S9-97 (1993), and Hall et al , Nature biotechnology 14, 
5 1996 , in press . 



Plasmld vectors and DNA vrev&r^tJLon 

The plasmid pET-P15 (harbouring the P15 
nucleic acid sequence) was restricted at its single 3a"nHI 

10 site and blunt -ended with T4 DNA polyir.erase . After 
purification by electrophoresis m 0.6% agarose gel, the 
linear plasmid was restricted at its single NccI site. The 
P15 gene fragment of 400' bp was purified by electrophoresis 
and inserted into pMJBX-Ub (harbouring the Arabidopsis 

15 polyubiquitm promoter (Norris et al . , Plant Molecular 
Biology 21, pp. 895-906 (1993), a TMV enhancer sequence 
and the Nos 3 ' terminator) cut with NccI and Smal 
restriction endonucleases . In the plasmid so obtained 
(pMJBX-Ub-?15) , the nucleic acid sequence of the P15 gene 

20 is placed under the control of the Arabidopsis 
polyubiquitin promoter followed by the TMV enhancer 
sequence. The EcoRI fragment from plasmid pB23 5SAck 
contains the pat gene, used ars the selective marker, 
encoding phosphinothricin acetyl transferase (obtained from 

25 Agrevo, Berlin Germany). On this EcoRI fragment, the 
nucleic acid sequence of the pat gene is under the control 
of the 5' and 3' expression signals of the Cauliflower 
virus. The plasmid pMJBS6, resulting from the combination 
of this EccRI-pat fragment and a partial EcoRI digestion of 
30 plasmid pMJBX-Ub- P15 , contains both the pat and the P15 
genes. This pMJBSG plasmid is a high-copy plasmid based on 
the pUC13 vector and contains alsc the -lactamase gene 
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(amp^) . In the plasrr.id pIGPDT, harbouring zhe same oat: 
f ragnent as p32 3 SSAck , che - lact arriase gene was replaced by 
a:i igpc: i imidazole glycercl pnospnate dehydratase: gene 
from Saccharorr.yces cerevisiae (Struhl et al . , Proceedings 
5 of the National Academy of Science USA 73, pp. 1471-1475 
^1976) - Selection for and maintenance of the plasmid m 
Escherichia coli was achieved by coT.plementat ion of an 
auxotrophic hisB strain SE3 93C on minimal medium m the 
absence of antibiotics. The P15 fragment, with its 
10 ubiquitm promoter and terminator sequence, was purified as 
a 2500 bp fragment obtained from the pMJBX-Ub-P15 plasmid 
after it was cut at the single Hmdlll site, followed by a 
partia: SccRI restriction. This fragment was blunt -ended 
and inserted m a blunt -endea pIG?D7 plasmid, cut at the 
15 single NccI site. The resulting pIGPDS4 plasm.id contains 
both the pac and the P15 genes on a vector without the S- 
lactamase gene. 



20 In vitro shoot cultures of sugar beet 

plantlets were initiated to provide a reusable and uniform 
source of sterile starting material and were maintained 
with a 4 -weekly subculture period as described by Hall et 
al . , Plant Cell Reports 12, pp. 339-342 (1993). 

25 

L^rq-e-gcaie isolation of suaar Jbeet GnidGrmls 

A modified version of the blender method bv 
Kruse et al . , Plant Physiology 690, pp. 1332 - 13 8^ :i9e9) 
was used. For each isolation, 2 ^ loaves '.witn tne midribs 
30 rem.oved^' from 4 week eld shrcts was clended m a Waring 
c lender at maximum speed 2 3 0 l ' rpm ' tor 6C sec m a 25 j ml 
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metal beaker containing 50 ml cold (4 '^O Ficoll medium 
(100 g /I Ficoll, 735 mg/1 CaCl2.2H2C, 1 g/1 PVP40, 

autoclaved) . The epidermal fragments were then recovered on 
a 297 ^m nylon filter and washed with 500 ml sterile tap 
water. These were rinsed from the filter into a 9 cm Petri 
dish using 10 ml CPW9M containing 3.8% (w/v) CaCl2.2H20 
(Krens et al . , Theoretical and Applied Genetics 79, pp. 
390-396 (1990) . Any remaining leaf fragments were removed 
and dishes were preincubated for 1 h at room temperature. 

Guard cell protoplast Isolation fiTQin ei^fjciagd epjij^rmis 

To recover the epidermis fraction, the 
suspension was centrifuged for 1 mm at 55 x g after which 
the supernatant was removed. The pellet was resuspended in 
50 ml enzyme mix and 5 ml aliquots were transferred to each 
of 10, 6 cm Petri dishes (Greiner, TC quality), sealed with 
parafilm and incubated overnight at 25 ^ C m darkness with 
gentle agitation. The digestion medium consisted of CPW9M 
supplemented with 0.5% (w/v) Cellulase RS and 3% (w/v) 
Macerozyme RIO (Yakult Honsha, Tokyo, Japan), pH 5.8. The 
following morning, the protoplasts were generally seen 
floating near the surface of the digestion mix. After 
gentle agitation of the suspensions using a sterile pipette 
to release the protoplasts still adhering to cuticle 
fragments, the digestions were pooled and passed through 
297 and 55 fim nylon filters. The filtrate was mixed with an 
equal volume of iso-osmotiic Percoll containing 15% (w/v) 
sucrose (PercolllSS) and divided over 12 x 12 ml centrifuge 
tubes. In each *iube , first 1 ml CPW15S (Krens et al . , 1990) 
and then 0.5 ml 9% (w/v) mannitoi containing ^ rr^l CaCl. 
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{9M) were carefully layered on top cf r.he protoplast 
suspension. After centri f ugat ion at 55 x g for 10 mm the 
viable guard cells were visible m hands at tne CFW15S/9M 
interface. To concentrate the protoplasts, these bands were 
5 collected and mixed with PercolllSS to give a final volume 
of 16 ml. This was then divided between 2 centrifuge tubes, 
layered as above and recent ri fuged . Careful removal of the 
9M layers yielded the enriched guard cell protoplast 
fraction for subsequent counting using a haemocy t omet er . 

10 

Protoplast transformation 

Transformations were performed m 12 ml 
centrifuge tubes, each containing 1 x IC^ protoplasts 
suspended m 0.75 ml 9M m.edium. Plasmid DMA (50 ^g of 

15 pMJBX-Ub-P15 and pIGPDS4) was added and, immediately after 
mixing, 0.75 ml PEG medium was added drcpwise (40% PEG 6000 
dissolved m F medium (Krens et al . , Nature 296, pp. 72-74, 
(1982; . After thorough mixing, the suspension was kept at 
room temperature for 30 min with intermittent agitation. 

20 Subsequently, at 5 mm intervals, 4 x 2 ml aliquots of F 
m.edium were added. After centrif ugation for 5 man at 55 x g 
the supernatant was discarded and the protoplast pellet 
resuspended m 9M and recent rifuged . The cells were finallv 
resuspended m 1 ml cf 9M m.edium for counting. 

25 

Protoplast culture and sel ection 

Protoplasts were embedded m Ca alginate and 
cultured m m.odified, liquid K3? medium 'Hall et al . , 
1990). To select for stably transformed cells, bialaphos, 
30 the active compound of Herbiace ^Meiii Seika Ltd, Japan; 
was addea after " days, ^.o qive a final concentration of 
ag/1. On day If, rhe a^crmate uses were cut into 2 mm 
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slices and transferred to PGo medium (De Greef and Jacobs, 
Plant Science Letters 17, pp. 55-61, 1979) supplemented 
with 1 ijlM bap (PGIB) and 250 /ig/1 bialaphos and solidified 
with 0.8% agarose. 

5 

n^iiu3 culture and regeneration 

After 21 days, the pieces of alginate 
containing the non-visible microcalli were transferred to 9 
cm Petri dishes containing 20 ml Medium K (3% sucrose, 0.8% 

10 agarose, 1 fiM BAP, PGo medium, pH = 5.8 autoclaved) . 
Culture was in the dark as above. 

Friable, watery- type calli on reaching the 
size of approximately 1-2 mm m diameter, were individually 
picked off and cultured in groups of 20 on fresh Medium K. 

15 At this stage, PGR analyses confirmed the presence of 
transf ormants . 

At two-weekly intervals all calli were 
subcultured on to fresh medium. 
20 Regenerants appeared during the first 8 weeks 

of culture of individual calli. When the first shoots were 
visible and had reached a size of approximately 2 mm, the 
dish was transferred into the light (3000 lux) , 25 15 
hour day length. 

2 5 Pi ant lets approximately 4 mm long were 

transferred to individual culture tubes containing 15 ml of 
Medium K and were further subcultured m the light as 
above . 

3 0 Rooting and tr ansfer to the ^oil 

When the plantlets had reached the four- leaf 
stages (usually after 5 to 6 weeks with one subculture 
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afcer 3 weeks) , they were transferred to culture tubes 
ccntaming 15 ml of Medium L (3% sucrose, O.S% agarose, 25 
I r.dc 1 ebu t yr J acid (IBA'i , FGo medium, oH - 5 8 
aut CO laved; (FGo medium described by De Greer W. et al . 
5 Plants Science Letters 17, pp. 55-61 (1979) and further 
cultured as above. 

When at least one rcct had reached a length 
of 1 cm, the plant lets were removed from, the culture tubes 
and washed under running tap water to remove all fragments 
10 of the agar, and transferred to soil m 9 cm pots m the 
greenhouse . 

Plantlets were cc^^ered with a transparent 
plastic cup to provide " a humid environment for 7 days, 
after which they could be grown without protection. 
15 The plant transformed by the sequence SSQ ID 

NO. ■ according to the invention is recovered and has been 
expressed ?1 5 . 

DNA analysis 

2 0 Genomic DNA isolated from the primary 

transf ormants is elect rophcresed m a 0.8% agarose gel 
after treatment with restriction enzymes and transferred to 
a nitrocellulose membrane using standard procedures, 
according to the m.anuf act erer ' s protocol. Hybridisation is 

25 performed with the DNA, as ^ p _ - 1 abe 1 1 ed probes, 

whose presence it is desired tc establish. T!:e membranes 
were washed to a final stringency of C,l% x 3SC, 0.1% 3DS 

at 60 -pv^e hybridized DNA is visualised by darkenmo che 

X-ray film, for 24 tc 48 hours. 

30 
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standard PCR techniques were used co detect a 
range of intact plasmid sequences. Reactions were performed 
using 25 cycles of 1 min denaturation at 94 ^C, l min 
5 annealing; 2 min extension at 72 ""C, with a final extension 
period of 5 min. The annealing temperatures were optimized 
for each primer corrJ^inat ion . The presence of the coding 
region of the BNYW PI 5 gene m the sugarbeet genome was 
verified by PCR using a pair of oligonucleotides as primers 

10 : MOVl, sense primer [ 5 ' -GGTGCTTGTGGTTAAAGTAGATTTATC-- 3 ' 
(nucleotides 3 to 29 on SEQ ID NO 1) ] and MOV2 antisense 
primer [ 5 ' -CTATGATACCAAAACCAAACTATAGAC- 3 ' (complementary to 
the nucleotides 369 to 395 on SEQ ID NC 1)]. This 393 bp 
long fragment comprises the whole coding region of the P15 

15 gene for BNYW (see figure 7) . 

Figure 7 : Analysis of PCR products obtained 
with sugarbeet DNA from P15 - transf ormants (lane 5 to 7) and 
an untransf ormed plant (lane 4). Low DNA Mass Ladder® 
(Life Technologies) was used as a size marker (lane 1) , 

2 0 Lane 2 and 3 correspond to the positi'^.-^e controls 
(pMJBS6/pIGPDS4 ) . The arrow on the left shows the position 
of the expected PCR product. 

Southern blo t hybridisation analysis 

25 The integration of the BNYW P15 gene m the 

sugarbeet genome was verified by Southern blot 
hybridisation. Total DNA of prim.ary transgenic regenerants 
was isolated, digested with restriction enzymes (PstI, 
Kpnl , Ncol, Sad); electrophoreses blctted and hybridised 

30 with BNY\^/ PIS- specific ^ P - labe 1 led probes using PCR 
amplified MOV1-MOV2 fragment (see figure 3) . 
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Figure 8: Southern bloc analysis. Lambda DNA 
digested with Hmdlll was used as a size marker (lane Ij 
Lanes 2 ^.o 16^ DMA of the cransgenics . 2 to 4 digested with 
SaCI, 6 to 8 digested with Pstl, 10 to 12 digested with 
5 Ncol, 14 to 16 digested with Kpnl . Lanes 5, 9, 13 and 17 
correspond to the unt ransf ormed plant. 
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CLAIMS 

1, Method for inducing resistance to a virus 
corr.prismg a TGI33 sequence with che proviso that it is not 
the potato virus X, into a plant cell or a plant, 
5 comprising the following 
steps : 

- preparing a nucleic acid construct corrprismg a nucleic 
acid sequence corresponding to at least 70% of the 
nucleic acid sequence of TG33 of said virus or its 

10 corresponding cDNA, being operably linked to one or nore 
regulatory sequence (s; active m a plant, 

- transforming a plant cell with the nucleic acid 
construct, and possibly 

- regenerating a transgenic plant from the transformed 
15 plant cell . 

2. Method according to the claim 1, 
characterized m that the nucleic acid sequence of the 
nucleic acid construct corresponds to at least 90% of the 
nucleic acid sequence of TGB3 of said virus or its 

20 complementary cDNA . 

3. Method according to the claim 1 or 2, 
characterized m that the virus is selected from the group 
consisting of the apple stem, pitting virus, the blueberry 
scorch virus, the potato virus M, the white clover mosaic 

25 virus, the Cymbidium mosaic virus, the barley stripe mosaic 
virus, the potato mop top virus, the peanut clump virus and 
the beet soil -borne virus. 

4. Method according to an\* of the preceding 
claims, characterized m that the plant rell is a stom.atal 

30 cell. 

5. Method acrordmg to any of the- c receding 
rlaim.s, characterized ^n teat t::- plant :s selected from 
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the group consisting of apple, blueberry, potato, clover, 
orchid, barley or peanut. 

6. Method according to claim 1 or 2, 
characterized in that the virus .is BNYW, the nucleic acid 
5 sequence of TGB3 of said virus is comprised between the 
nucleotide 3627 and 4025 of the 5' strand of genomic or 
subgenomic RNA 2 of the BNYW and the plant is a beet , 
preferably a sugar beet {Beta vulgaris) . 

7 . Method according to any of the preceding 
10 claims, characterised in that the regulatory sequence 
comprises a promoter sequence or a terminator sequence 
active in a plant . 

8. Method 'according to claim 7 characterized 
in that the promoter sequence is a constitutive or a 

15 foreigner vegetal promoter sequence . 

9. Method according to the preceding claim 1, 
characterized m that the promoter sequence is selected 
from the group consisting of 35S Cauliflower Mosaic Virus 
promoter, and/ or the poly^abiqui tin Arabidopsis t ha liana 

20 promoter , 

10 . Method according to any of the claim 7 *:o 
9, characterized m that the promoter sequence is a 
promoter which is mainly active- in the root tissue of 
plants such as the par promoter of the haemoglobin gene 

25 from Perosponia andersonii . 

11. Transgenic plant resistant co a virus 
with the proviso that it is not the potato virus X, 
comprising a nucleic acid construct having a nucleic acid 
sequence corresponding to at least 70% of the nucleic acid 

30 sequence of TGB3 of said virus or its corresponding cDNA, 
being operably linked to one or more regulatory sequence (s) 
active m a oiant . 
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12. Transgenic plant according to the claim 
11, characterized m that the nucleic acid construct has a 
nucleic acid sequence ccrrcspondmg to at leasi 90% of the 
nucleic acid sequence of TGB3 of said virus or its 

5 complementary cDNA. 

13. Transgenic plant according to the claim 
11 or 12, cnaracterized m that the virus is selected from 
the group cc^nsisting of the apple stem pitting virus, the 
blueberry scorch virus, the potato virus M, the white 

10 clover mosaic virus, the Cynubidia/n m.osaic virus, the Dotato 
virus X, the barley stripe mosaic virus, the potato mop top 
virus, the peanut clump virus and the beet soil -borne 
virus . 

14. Transgenic plant according to the claims 
15 11 to 13 being a plant selected from the group consisting 

of apple, blueberry, potato, clover, orchid, barley or 
peanut . 

15. Transgenic plant according to the claims 
11 or 12, characterized m that the transgenic plant being 

20 a beet, preferably a sugar beet ( Beta ^/ulaaris ) the virus 
is BNY^J^\/ and the nucleic acid sequence of TGB3 of said 
virus is comprised between the nucleotide 3627 and 4C25 of 
the 5* strand cf genomic or subgenom.ic RNA 2 of BNY\rj or 
Its corresponding cDNA. 

25 16. Transgenic plant according to any cf the 

preceding claims 11 to 15, cnaract en zed m that the 
regulatory sequence com.prises a promoter sequence and a 
term.matcr sequence active m a plant. 

17. Transgenic p^ant according tc anv rf the 

30 preceding claims 11 to 15, characterized m that the 
regulator;/ sequence '.s. comprise a crcm.cter sequence which 
13 a cons^- 1 1 ut 1 ve or a foreigner vegeta: prcmoter sequence . 
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18. Transgenic plant according zg the claim 
17, characterized m that promoter sequence is selected 
from the group consisting of 35S Cauliflower Mosaic Virus 
promoter , and/ or the polyubiqui t in Arabidopsis thai i ana 

5 promoter. 

19. Transgenic plant according to claim 17 or 
18 characterized in that 'the promoter sequence is a 
promoter which is mainly active in root tissues such as the 
par promoter of the haemoglobin gene from Perosponia 

10 andersonii . 

20. Transgenic plant tissue selected from -he 
group consisting of fruit , stem, root , tuber , seed of a 
plant according to any o"f the preceding claims 11 to 19. 

21. Reproducible structure obtained from a 
15 transgenic plant according to any of the preceding claims 

11 to 19. 
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TRAILS FORMATION GENETIQUE ET REGENERATION 
DE LA BETTERAVE SUCRIERE 
L' invention concerne un precede de transformation 
genetique de cellules vegetales appartenant a 1 ' espece 
Beta vulgaris , suivie eventuellement par une etape de 
regeneration de cellules transformees en plante 
entiere . 

L* invention concerne egalement les cellules 
transformees, les bourgeons, les plantes et les 
graines transgeniques susceptibles d'etre produits par 
ce precede. 

L' invention concerne en outre, des plantes 
transgeniques appartenant a 1 ' espece Beta vulgaris , 
resistantes a 1 • infection par le virus des nervures 
jaunes et necrotiques de la betterave a sucre (BNYW) , 
exprimant la proteine de capside du BNYW, ou un 
derive de cette proteine. 

Les references bibliographiques apparaissant dans 
la description de 1 ' invention sont repertoriees sous 
forme de bibl iographie * 

L'obtention de plantes transgeniques met en 
oeuvre le transfert du fragment d ' ADN selectionne dans 
la cellule vegetale, la selection des cellules 
transformees de fagon stable et la regeneration de 
plantes entieres a partir des cellules selectionnees 
transformees . 

Le probleme technique qui s ' est pose lors de 
1 • elaboration de la presente invention etait de 
trouver une methode de transformation de cellules de 
betterave presentant une frequence de transformation 
elevee qui pouvait etre associee avec succes a une 
methode de regeneration de plante transgenique . A ce 
jour, une telle methode de transformation et de 
regeneration n*a pas ete decrite, empechant la 
production de betteraves transgeniques presentant des 



BNSCOCID: <WO 91i3l59A2> 



wo 91/13159 




PCr/FR91/00170 



2 

caracteristiques agronomiquement interessantes , telle 
que la resistance a la rhizomanie* 

Actuellexnent , 11 existe deux grandes voles de 
transfers d'ADN dans les cellules vegetales. 

La premiere voie est une voie physico-chimique 
(electroporation, microinjection, polycations, canon a 
particules) . Chez la betterave, des cellules 
transformees de maniere stable ont ete selectionnees 
apres electroporation d'un gene codant pour la 
resistance a la kanamycine dans les protoplastes 
(Lindsey et al, 1989) . 

Cependant, ce precede n*a jamais pu conduire a la 
creation de betteraves transgeniques puisque la 
regeneration de plantes a partir de protoplastes n»a 
pu etre obtenue chez cette espece. 

I,a deuxieme voie de transfert d'ADN est une voie 
biologique utilisant comme vecteur une bacterie du sol 
: AQrobacterium tumefaciens ou rhizoqenes . 

Differentes souches de ces deux especes ont ete 
utilisees avec succes pour la transformation de 
cellules de betteraves* Ces cellules transformees ont 
donne naissance soit a des tumeurs avec Agrobacterium 
tumefaciens (Krens et al, 1988) soit a des racines 
avec Aqrobacterium rhizogenes (Yacoub et al, 1987) . 
Ces tissus transformes (racines et tumeurs) n'ont 
jamais permis a ce jour la regeneration de plantes 
Chez la betterave. Ceci vient du fait que ces deux 
phenotypes sont les resultats de 1 * integration dans le 
genome de la cellule non seulement du fragment d'ADN 
desire mais aussi d'un fragment d'ADN de la bacterie 
qui perturbe I'equilibre hormonal de la cellule 
(Akiyoshi et al, 1983) . Pour pallier ces probleir.es, 
ces genes ont ete deletes, donnant de nouvelies 
souches d ' Agrobacter ium dites souches desarmees. 
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L ' utilisation des souches d ' Agrobacteriuin 
desarmees implique 1 * association d ' un systeme selectif 
pour la transformation de cellules vegetales, Le 
succes dans 1 ' obtention de transf ormants est 
etroitement lie a la mise au point d * un bon systeme 
selectif, Le gene selectif le plus utilise dans ce 
domaine est celui provenant du transposon Tn5 
d ' Escherichia coli (Rothstein et al, 1981) codant pour 
la neomycine phosphotransferase (NPT II) qui confere 
la resistance a la kanamycine (An et al, 1985) . 

La plupart des vecteurs plasmidiques utilises 
dans ces souches desarmees contiennent dans 1*ADN 
transferable, outre le gene desire, le gene NPT II, 
sous le controle de signaux de transcription vegetaux 
(Bevan, 1984 ; An, 1986) . Le systeme de selection 
comprend d ' une part le gene conferant la resistance, 
et d' autre part, 1 ' agent selectif. Ceci implique de 
determiner les concentrations d' agent selectif 
permettant a la fois de tuer les cellules non 
transformees et de laisser croitre les cellules 
transf ormees . Les seuls travaux publies concernant la 
selection de cellules de betterave apres 
transformation d'explants pluricellulaires par 
Agrobacterium font appel a un autre systeme selectif : 
hygromycine B / hygromycine B phosphotransferase 
(Harpster et al, 1988). 

La transformation par Agrobacterium necessite 
dans un premier temps le choix d'un type de cellule ou 
d*un type d'explant qui va faire I'objet de la 
transformation. Par exemple, des explants tels que des 
hypocotyles, des morceaux de feuilles (Krens et al, 
1988) peuvent etre transf ormes par Agrobacterium . 

La frequence de transformation peut varier selon 
le type de cellule ayant fait I'objet de la 
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transformation, cette variabilite etant souvent d'une 
nature imprevis ibie . 

Lors de la production d'une plante transgenique , 
la transformation est suivie par un procede de 
regeneration • 

L'efficacite d'obtention des plantes 

transgeniques depend de la frequence de regeneration 
de plantes a partir de cellules transformees d'une 
part, et la frequence de transformation des cellules 

d ' autre part. 

Par exemple, la transformation de tronqrons de 
petioles de betterave a donne des cals transformes 
selectionnes sur kanamycine. Cependant, il n*a jamais 
ete possible de regenerer des plantes a partir de ces 
cals transformes issus de petioles, bien que la 
regeneration d'embryons somatiques et de bourgeons a 
partir de ce type de cal dans 1 ' etat non-trans forme 
ait ete reportee (Tetu et al, 1987) • Get echec n'est 
pas surprenant si on prend en compte la faible 
frequence de regeneration decrite. 

Ceci traduit bien les problemes de regeneration, 
a partir d'explants, de plantes non-transf ormees , 
rencontres depuis longtemps chez la betterave sucriere 
(Ritchie et al, 1989). Plusieurs auteurs ont decrit la 
regeneration directe de bourgeons adventifs a partir 
de fragments de petioles de plantes en multiplication 
vegetative (Detrez et al, 1988 ; Freytag et al, 1988). 
Bien que ce phenomene se soit avere reproductible dans 
des conditions appliquees par les inventeurs, la 
frequence s'est revelee beaucoup trop faible pour etre 
associee a la transformation. D'autres part, il semble 
que ces neof ormations proviennent de massifs 
cellulaires non accessibles a la bacterie et 
apparemment peu sensibles a un agent selectif. 
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Une autre technique de regeneration de plantes 
non transf ormees a partir de cellules de betteraves a 
Sucre est celle decrite par Saunders et al (1986) . 
Elle met en jeu dans un premier temps, 1 ' induction de 
cals friables independants d' hormones et inities 
probablement a partir des cellules epidermiques du 
limbe, puis dans un deuxieme temps, la regeneration de 
bourgeons et d'embryons somatiques a partir de ces 
cals. Cette technique a ete facilement reproductible 
sur plusieurs varietes de betteraves sucrieres. Un des 
interets de ce processus est la possibilite d'obtenir 
aisement des suspensions cellulaires a partir de cals 
friables dont le potentiel organogene peut etre 
entretenu pendant quelques mois. 

Les inventeurs ont decouvert que ce materiel 
organogene, c'est-a-dire les cals friables, peut etre 
utilise, dans des conditions precises, pour la 
transformation par Agrobacterium tumef aciens . 

II y a encore peu de temps la transformation de 
suspensions cellulaires ne paraissait pas concevable 
selon le dogme etabli que le transf ert d'ADN par 
Aqrobacterium dans une cellule vegetale necessitait 
des lesions cellulaires. Cependant, des auteurs ont 
reporte la transformation de cellules en suspension 
Chez le tabac et la carotte (AN, 1985 ; Scott et 
Draper, 1987) . A ce jour, la transformation de 
cellules en suspension chez la betterave n'a pas ete 
decrite. Par ailleurs, il est a noter que les methodes 
de transformation qui s'appliquent avec succes a une 
espece vegetale ne peuvent pas etre etendues 
systematiquement a d ' autres especes- Les conditions de 
transformation, les materiels de depart et les milieux 
de culture sont des parametres variables specifiques a 
chaque espece. 
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En ce qui concerne la transformation et la 
regeneration de betteraves transgeniques resistantes a 
la rhizomanie , tout progres a ete empeche , par le 
manque d'un procede de production fiable. 

Le virus des nervures j aunes et necrotiques 
de la betterave a sucre (BNYW) est un virus a 
composants multiples , constitue de particules virales 
a symetrie helicoidale, contenant quatre types de RNA 
simple brin, de polarite positive (Putz, 1987). Ce 
virus est dissemine par un champignon du sol , Polymixa 
betae, qui parasite les cellules superf icielles des 
radicelles de chenopodiacees , dont fait partie la 
betterave a sucre. Cette chenopodiacee bisannuelle 
reste a 1 ' etat de rosette la premiere annee en donnant 
une racine charnue et sucree , et monte a graine la 
deuxieme annee apres vernalisation. Lia persistance de 
la maladie dans le sol est due aux kystes formes par 
le champignon (Tamada, Baba, 197 3) . 

II est connu que le virus se developpe 
essentiellement dans la partie racinaire (pivot et 
racines secondaires) . Le symptome principal de la 
maladie consiste en une proliferation du chevelu 
racinaire (d' ou le nom de rhizomanie) . Mais le nom du 
virus provient en fait de symptomes plus tardifs 
visibles dans la partie vegetative a savoir : necroses 
et jaunissement des nervures dus au fait que le virus 
se developpe surtout au niveau des vaisseaux 
racinaires, en perturbant ainsi le metabolisme de 
toute la plante (Salle et al, 1986) . 

Plusieurs auteurs ont reporte que le virus n ' est 
detecte dans la partie aerienne que tres rarement 
alors qu'il est present en grande quantite au niveau 
des racines et du pivot (Putz , 1977 ; Ziegler et al , 
1985) . 
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Le controle des maladies virales des vegetaux 
reste probiemat ique , malgre 1 ' aveneraent: du genie 
genetique vegetal . 

Abel et al (1986) ont introduit un gene codant 
pour la proteine de capside du virus de la mosaique du 
tabac (VMT) dans le genome des plantes naturellement 
sensibles a ce virus. Cette manipulation genetique a 
provoque un retard du developpement de la maladie chez 
les plantes transgeniques . D'autres realisations du 
meme type ont ete reportees avec d ' autres virus ; 

- Alfalfa Mosaic Virus, et Tobacco Rattle Virus, sur 
tabac (Van Dun et al, 1987), 

- Alfalfa Mosaic Virus sur tabac (Loesch Fries et al, 
1987) , 

- Alfalfa Mosaic Virus sur tabac et toraate (Turner et 
al , 1987) . 

Deux equipes ont cree des plantes transgeniques 
exprimant des genes codant pour des ARN antisens, 
complementaires de 1 • ARN codant pour la proteine de 
capside, et ils raontrent que la resistance est 
beaucoup moins importante que celle conferee par la 
proteine de capside (Cuozzo et al , 1988 ; Hemenway et 
al , 1988 ) . 

Enfin, d'autres laboratoires ont cree des plantes 
transgeniques exprimant des genes codant pour des ARN 
satellites. Cette strategic a ete adoptee par Gerlach 
et al (1987) pour le virus des taches annulaires du 
tabac, et par Harrison et al (1987) pour le virus de 
la mosaique du concombre (CMV) . 

Aucun satellite n ' etant connu pour le BNYW, les 
inventeurs ont envisage de faire produire aux cellules 
vegetales transf omees soit des ARN antisens, soit des 
ARN sens codant pour des proteines virales normales, 
mutees ou deletees, susceptibles d'inhiber le 
developpement du virus . 
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Le procede de transformation de 1 • invention 
impliqae : 

- la transformation de suspensions cellulaires 
habituees, donnant des cals et suspensions cellulaires 
transformes ; 

- la transformation de suspensions cellulaires 
regenerantes donnant des cals, des suspensions 
cellulaires et des plantes transformes ; 

la transformation de cals friables en 
dispersion donnant des cals, des suspensions 
cellulaires et des plantes transformes. 

Plus particulierement , la presente invention 
concerne un procede de transformation de cellules 
vegetales appartenant a 1 ' espece Beta vulgaris 
caracterise en ce qu'il comprend la mise en contact 
d'une dispersion de cals blancs friables dans un 
milieu de culture cellulaire vegetale liquide 
contenant 0 a environ 3-0 mgL*'' d'une cytokine, ou 
d'une suspension de cals blancs friables dans un 
milieu de culture cellulaire vegetale liquide 
contenant environ 0.1 a environ 3 • 0 mgL""* d ' une 
cytokinine, avec Agrobacterium contenant un vecteur 
portant un gene destine a etre introduit dans les 
cellules vegetales, suivie de coculture des cellules 
vegetales et des bacteries pour donner lieu a des cals 
friables transformes. Selon un mode de realisation 
prefere de 1* invention, ce procede de transformation 
comprend les etapes success ives suivantes : 

I) induction de cals blancs friables a partir 
d'explant ; 

II) dispersion des cals dans un milieu de culture 
cellulaire vegetale liquide contenant 0 a environ 
3.0 mgl-'' d'une cytokinine, ou obtention d'une 
suspension cellulaire a partir des cals dans un milieu 
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de culture cellulaire vegetale liquide contenant 
environ O.i a environ 3.0 mgl-' d * une cytokinine ; 

III) mise en contact de la dispersion, ou de la 
suspension, avec Aqrobacterium tumef aciens contenant 
un vecteur portant un gene destine a etre introduit 
dans les cellules vegetales , suivie de coculture des 
cellules vegetales et des bacteries ; 

IV) lavage des cellules vegetales pour eliminer 
les bacteries et selection des cellules transformees 
sur un milieu selectif ; 

V) culture des cellules transf ormees 
selectionnees pour obtenir des cals friables 
transf ormes . 

La premiere etape de la transformation est 
1 ' induction de cals blancs friables a partir 
d'explants de betterave. Les explants qui peuvent 
servir dans cette etape peuvent etre par exemple des 
disques de feuilles, des troncpons de petioles, etc* De 
preference, les explants sont des morceaux de jeunes 
feuilles prelevees d ' une plante agee de moins de trois 
mois . 

Par exemple, apres germination de graines de 
betterave d' environ un mois, de jeunes feuilles de 3 a 
5 cm de long sont prelevees de chaque plante et sont 
soumises a une etape de desinfection et rinqrage. 
Chaque feuille est ensuite decoupee en petits morceaux 
de 0,25 cm^ a 1.0 cm^ . Les feuilles peuvent etre 
prelevees de la plante jusqu'a deux mois environ apres 
les premiers prelevements . Apres cette periode. 
Inaptitude de regeneration des feuilles diminue. Les 
disques de feuilles sont ensuite mis en culture sur un 
milieu de culture cellulaire vegetale contenant de 0,1 
a 5,0 mgl'"' cytokinine. De preference, la cytokinine 
est presente a raison d' environ 1.0 mgl'^ et peut etre, 
par exemple, la G-benzylaminopurine (BAP), la zeatine. 
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ou la kinetine. La BAP est particulierement preferee. 
Le milieu de culture cellulaire vegetale est 
avantageusement le milieu de Murashige et Skoog 
(1962), dit milieu M.S. Les explants sont cultives a 
30 environ pendant 3 0 jours dans I'obscurite, et 
ensuite ils sont sortis en chambre de culture avec une 
photoperiode de 18/24 H par exemple a environ 25 '^C le 
jour et 20 "C la nuit. 

De 4 a 10 semaines apres la mise en culture, des 
cals blancs friables apparaissent autour, sur ou sous 
les explants foliaires. 

L'etape suivante du procede de transformation est 
la production d*une suspension cellulaire a partir des 
cals, ou d^une dispersion des cals dans un milieu de 
culture liquide. Cette suspension ou dispersion sera 
utilisee ulterieurement pour la transformation. 

La suspension cellulaire est obtenue par mise en 
culture des cals, 4 a 6 semaines apres leur apparition 
dans un milieu de culture liquide additionne de 0,1 a 
3,0 mgl"^ d'une cytokinine, par exemple de la BAP. 
Cette etape de culture dure 2 a 3 semaines et est 
effectuee sous agitation. Le milieu de culture est 
avantageusement le milieu M.S. Un milieu 
particulierement prefere est le milieu M.S additionne 
de 1 mgl"^ BAP. Ce milieu sera appele le milieu MSBl 
dans ce qui suit. Sa composition est indiquee dans le 
tableau 3 (voir exemple 9) . 

La suspension cellulaire s'etablit en 2 ou 3 
semaines. Chaque suspension est ensuite repiquee 
toutes les 3 semaines par filtration des suspensions 
sur trois tamis empiles, donnant lieu a trois 
fractions (par exemple > 1 mm ; > 500 /im, > 100 ^-m) . 
Une partie de chaque fraction est remise en suspension 
dans du milieu liquide, par exemple le milieu MSBl, et 
ces nouvelles suspensions sont agitees. L' observation 



BNSDOCtD: <WO 91 1 31 59A2> 



wo 91/13159 



PCr/FR91/00170 



11 

des differentes suspensions pennet de distinguer la 
presence de deux types ceilulaires, notaiment: : 

- type habitue (A) : suspension fine, verte a 
croissance rapide, et qui regenere ponctuellement des 
formations vitrifiees se developpant dif f icilement ; 

- type noduleux (C) : suspension d'agregats 
compacts jaunatres, a croissance plus lente, regenere 
plus frequemraent que la premiere, des structures 
embryonnaires compactes se developpant assez bien. Ce 
type est aussi connu sous le nom "type regenerant" , 

En revanche, la production d'une dispersion des 
cais s'effectue par dispersion des cals apparus depuis 
2 a 6 semaines sur les explants, dans un milieu de 
culture liquide contenant 0 a 3,0 mgl'"' cytokinine, par 
exemple le milieu MSBl. Les deux types cellulaires, 
habitue et noduleux, peuvent aussi etre observes dans 
les dispersions . Les cals en dispersion peuvent etre 
examines avant la transformation dans le but de 
separer les deux types cellulaires, c'est-a-dire 
noduleux et habitue. Un examen visuel des cals permet 
de reperer les deux types qui sont ensuite enleves du 
milieu avec une pince et redisperses. Les suspensions 
cellulaires soigneusement initiees a partir de 
dispersions de cals blancs friables noduleux se sont 
averees etre le materiel ideal pour optimiser 
I'efficacite de la transformation. 

Chacun des deux types cellulaires peuvent etre 
soumis a la transformation ma is il est preferable de 
transformer le type noduleux si la regeneration de la 
plante est desiree ulterieurement . 

La suspension cellulaire ou la dispersion des 
cals est ensuite mise en contact avec la bacterie 
Aqrobacterium tumef aciens . 

Le protocole de transformation est le meme, qu'il 
soit effectue sur des suspensions cellulaires ou sur 
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les dispersions- Un echantillon des bacteries dans du 
lailieu frais est ajoute a la suspension ou a la 
dispersion des cellules de betterave. La coculture des 
cellules vegetales et des bacteries se fait a 
I'obscurite pendant trois jours environ, en chambre de 
culture. 

L ' Aqrobacter iuro utilise dans la transformation 
contient un vecteur portant un gene destine a etre 
introduit dans les cellules de betterave- Les souches 
utilisees par les inventeurs contiennent des vecteurs 
binaires portant le gene d'interet, Les trois souches 
d ' Aqrobacterium tumef aciens desarmees utilisees dans 
le travail decrit ici sont LBA 4404 (Hoekema et al , 
1983 ; EHA 101 (Hood et al, 1986) ; CSS '3 (Dale et al , 
1989). Bien evideimuent , le gene d'interet est place 
sous le controle de signaux regulateurs appropries, 
par exemple un promoteur permettant son expression 
dans la cellule vegetale et, le cas echeant, dans la 
plante transgenique regeneree. Le promoteur peut etre 
choisi pour permettre 1' expression specif ique du gene 
dans une certaine partie de la plante, ou a un certain 
stade de son developpement . En revanche, un promoteur 
constitutif peut etre utilise, donnant lieu a 
1' expression ubiquitaire du gene introduit. 

Coitune gene, on peut citer des genes codants pour 
des caracteres agronomiques interessants , par exemple 
la resistance aux herbicides, aux insectes et aux 
virus, ou encore un gene induisant la sterilite male. 
La resistance aux herbicides peut etre conferee, par 
exemple par le type de gene decrit par De Block et al 
(1987) et par Bedbrook et al (1988). Un gene 
susceptible de conferer une resistance aux insectes 
est le gene de la proteine crystalline de B^ 
thiurinqiensis f Perlak et al (1990) ; Va eck et al 
(1987) ; Fischoff D. et al (1987)) La sterilite male 
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peut etre induite par un gene codant. pour un 
ribonuclease, tel que celui decrit par Mariani et al 
(1990) • La resistance aux virus peut parfois etre 
induite par le gene codant pour la proteine de capside 
du virus en question. Par exemple, la resistance au 
virus BWYV peut etre conferee par le gene decrit par 
Gielen et al (1990). Par ailleurs, una protection 
centre le BNYW, responsable de la rhizoraanie, peut 
egalement etre induite par ce meme type de gene. Selon 
le precede de 1* invention, ce gene codant pour cette 
proteine de capside peut etre introduit dans des 
cellules de betteraves, conferant ainsi la resistance 
a la rhizomanie, Les vecteurs decrits dans ces 
exemples peuvent etre utilises pour 1 ' introduction de 
ces genes. 

Le vecteur porte egalement un gene codant pour 
une proteine permettant la selection des 
transf ormants , par exemple la neomycine 

phosphotransferase (NPT II) qui confere la resistance 
a la kanamycine. De plus, un gene "reporteur" peut 
etre introduit dans le vecteur afin de pouvoir 
confirmer le caractere transforme du tissu vegetal. Un 
exemple d'un tel gene reporteur est le gene uid A d ' E , 
coli codant pour 1 ' enzyme ^-glucuronidase. Le dosage 
de I'activite enzymatique de cette proteine se fait 
facilement avec des substrats chromogenes ou 
f luorescents . 

Apres la coculture des cellules de betteraves et 
des bacteries, une etape de lavage avec un agent 
bacteriostatique est effectue pour eliminer les 
bacteries. Comme agent bacteriostatique, la cefotaxime 
peut etre utilisee. Le lavage peut etre effectue en 
deux etapes, par exemple une premiere fois avec le 
milieu MSBl contenant 600 ngl"'' cefotaxime, puis une 
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deuxieme fois dans du milieu MSBl contenant 300 mgl*'' 
cefotaxime . 

Ensuite, la selection des cellules transformees 
est effectuee grace au gene codant pour la resistance 
a 1' agent selectif, Les cellules lavees sent done 
mises en culture pendant une quinzaine de jours sur un 
milieu contenant 1 • agent selectif, par exemple la 
kanamycine et 1^ agent bacteriostatique. Les cellules 
vegetales sont ensuite repiquees sur du milieu frais. 

Trois a huit semaines apres la coculture, des 
cals blancs apparaissent . Ces cals transformes 
presentent les deux types cellulaires, noduleux et 
habitue* 

Les cals transformes ainsi obtenus ont, comme 
caracteristique physique principale, qu'ils peuvent 
etre disperses en liquide par une agitation 
relativement douce et cela, des qu'ils ont une taille 
de 3 a 5 mm. D'une maniere surprenante, ces cals 
transformes conservent la nature blanche, friable et 
regenerante qu'ils possedaient avant la 

transformation, et s ' averent done etre un materiel 
approprie pour la regeneration de plantes 
transgeniques . II est a noter que la transformation 
effectuee sur explants, et non sur cals ( Harpster et 
al, 1988 ) , donne lieu a des cals transformes tres 
compacts qui ne presentent pas de caractere friable et 
qui ne sont pas regenerants. 

Quand ils sont suffisamment developpes, les 
cals transformes de 1 ' invention sont repiques sur un 
milieu MSBl avec de la cefotaxime et eventuellement de 
la kanamycine. 

D'une maniere surprenante, il a ete constate 
qu'un mois apres le clonage des cals transformes, la 
kanamycine et la cefotaxime peuvent etre supprimes du 
milieu sans que la bacterie ne se developpe. Ceci peut 
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presenter un avantage pour 1 * etape de regeneration, 
ies cellules n ' etant plus en contact avec les 
ant ibiotiques . 

Apres I'obtention des cals friables transformes, 
la regeneration de la plante transgenique peut etre 
initiee, en commengant par la regeneration de 
bourgeons et/ou d'embryons transgeniques . 

Le precede de regeneration de bourgeons et/ou 
d'embryons transgeniques selon 1' invention est 
caracterise par 1 * obtention de cals friables 
transformes selon le precede decrit ci-dessus, suivie 
du repiquage des cals friables transformes sur un 
milieu de culture, par exeinple le milieu M.S, 
contenant 0 a 3,0 mgl''' d'une cytokinine et 
eventuellement un agent bacteriostatique et un agent 
selectif. Comme cytokinine, on peut citer la zeatine, 
la kinetine et la BAP, par exemple a une concentration 
de 1 ragl'^. La BAP est particuliereraent preferee. 

Des bourgeons et/ou embryons regenerent sur 
certains des cals apres des delais variant d ' une 
semaine a plusieurs mois. 

A partir de ces bourgeons et/ou embryons 
transgeniques, il est possible, selon 1' invention, de 
regenerer des plantes par repiquage des bourgeons 
et/ou embryons sur un milieu de culture tel que le 
milieu M.S contenant un cytokinine a faible 
concentration, par exemple entre 0,05 et 0,15 mgl""", de 
preference 0,1 mgl""*. La BAP est preferee dans cette 
etape, Les structures regenerees commencent alors a 
developper des feuilles et elles sont remises en 
multiplication vegetative en pots ou boites. Les 
bourgeons les plus developpes sont alors mis sur un 
milieu d ' enracinement tel que le milieu MS contenant 
de I'acide naphtalene-acetique , par exemple 1 mgl'\ 
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Les racines apparaissent 2 a 6 semaines apres. Les 
plantes peuvent alors etre acclimateies en serre. 

L' invention concerne egalement la production de 
graines a partir des plantes transgeniques par 
vernalisation de ces plantes transgeniques et recolte 
des graines apres floraison. 

L' invention concerne egalement les cals friables 
transformes, les bourgeons et/ou embryons transformes, 
les plantes transgeniques et les graines de ces 
plantes susceptibles d'etre produits selon les 
precedes decrits ci-dessus . 

La presente invention concerne egalement la 
transformation genet ique et la regeneration de la 
betterave a sucre ( Beta vulcraris ssp saccharif era ) 
dans le but de creer des plantes resistantes a la 
rhizomanie. 

Plus particulierement, les inventeurs ont 
trans forme des cellules vegetales par des sequences 
codant pour la proteine de capside du BNYW, ou pour 
des variantes de celle-ci. 

La mise en oeuvre de cet aspect de 1 ' invention a 
consiste a : 

construire par les techniques de recombinaison 
genetique in vitro , des genes artif iciels , potentiels 
de resistance au virus des nervures j aunes et 
necrotiques de la betterave a sucre (BNYW : Beet 
Necrotic Yellow Vein Virus) provoquant la rhizomanie, 
- transferer de f aqron stable ces genes de resistance 
dans des betteraves a sucre. 

Le gene codant pour la proteine de capside du 
BNYW a ete localise et sequence (Bouzoubaa et al , 
1986) . Cependant, il ne pouvait pas etre prevu que 
1' expression de cette proteine dans des cellules de 
betterave inhiberait le developpement du virus . Le 
virus etant transmis par le champignon du sol Polymixa 
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betae , la voie d ' inf ectabilite n * est pas comparable a 
celle des virus pour lesquels la proteine de capside 
s'est montre protectrice. D' autre part, la proteine de 
capside du BNYW est codee par 1 ' extremite 5'du ARN2 , 
ce qui veut dire que la proteine peut etre traduite 
dans la cellule infectee immediatement apres 
1* infection. Pour d ' autres virus, la proteine de 
capside est codee par un ARN subgenomique et est done 
produite plus tard dans le cycle de 1* infection. Pour 
ces raisons, l*effet protecteur presente par la 
proteine de capside pour d ' autres virus vegetaux ne 
pouvait pas etre prevu chez le BNYW. 

De plus, les inventeurs ont constate plusieurs 
phenomenes inattendus : premierement , il a ete observe 
que des cellules transfonnees par une meme sequence 
codant pour la proteine de capside de 22 Kd 
(nucleotides 145 a 708) et au moins une partie de la 
proteine de 7 5 Kd qui est composee de la proteine de 
22 Kd fusionnee avec la proteine 54 Kd (nucleotides 
709 a 2218), donne lieu a I'expression de deux 
proteines dans la meme cellule, c'est-a-dire la 
proteine de 22 Kd et une proteine chimerique composee 
de la proteine de 22 Kd additionnee de la partie de la 
proteine de 75 Kd codee par la sequence transf ormante . 
Cette expression est le resultat du phenomene de 
"readthrough" , le codon "stop" a la fin de la proteine 
de 22 Kd etant parfois supprime dans la cellule par 
des tRNA suppresseurs . II a ete constate que le taux 
d' expression de la proteine chimerique de 
"readthrough" est particuliereraent eleve, et pourrait 
jouer un role dans la resistance conferee a la cellule 
exprimant les deux proteines a la fois. 

Deuxiemement , les inventeurs ont observe que dans 
des plantes transgeniques les proteines exprimees 
selon 1 ' invention sont exprimees specif iquement dans 
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les racines, et ce malgre 1 'utilisation de promoteurs 

constitutif s . 

Ce phenomene est totalement inattendu et presents 
plusieurs avantages pour la plante. Tout d'abord, les 
cellules cibles du BNYW sont specif iquement 
protegees. De plus, 1 • absence d' expression de la 
proteine de capside et de ses derives dans les parties 
aeriennes de la plante, partie qui n'est pas 
susceptible d'etre infectee par le BNYW, represente 
une economie energique importante pour la plante. Par 
ailleurs, 1 'expression dans les racines, a 1' exclusion 
de toute expression dans d'autres parties de la 
plante, est un phenomene qui n'aurait pas pu etre 
obtenu en utilisant un promoteur dit "specif ique" pour 
les racines. Ce genre de promoteur conduit, en fait, a 
une expression plus importante dans les racines, et 
une expression faible dans les autres parties de la 
plante. Des experiences, effectuees par les 
inventeurs, utilisant un gene marqueur (GUS) ont 
demontre que 1 • expression specif ique n'est pas du a 
une mauvais fonctionnement du promoteur, puisque le 
produit d' expression du gene GUS est exprimee dans 
toutes les parties de la plante, lorsqu'elle est sous 
le controle de ces memes promoteurs. L' expression 
specif ique pourrait etre le resultat de 1 • instabilite 
de la proteine dans les parties aeriennes de la 
plante, ou a une mauvaise traduction. Ces experiences 
montrent que le promoteur ne semble pas jouer de role 
dans 1' expression spec if ique. 

II a egalement ete constate que le promoteur 35S 
a une efficacite de transcription de 30 a 50 fois plus 
elevee que le promoteur Nos dans des cellules de 
betterave . 

L' invention concerne des plantes transgeniques 
produisant : 
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- la proteine de capside du BNYW, 

des proteines de capside modifiees definies 
ci-dessous (acides amines supplementaires , acides 
amines permutes, acides amines deletes) , qui 
conservent I'effet protecteur vis-a-vis du BNYW 

- des ARN sens et des ARN antisens de differentes 
tallies et diriges centre differentes regions de 
l'ARN2 du BNYW. 

Plus particuliereraent , cet aspect de 1 ' invention 
concerne une plante transgenique appartenant a 
I'espece Beta vulgaris et resistante a 1' infection par 
le virus des nervures jaunes et necrotiques de la 
betterave a sucre (BNYW) , ladite plante etant 
transformee d ' une maniere stable par un fragment 
d'acide nucleique, dont le produit d' expression est 
capable de conferer ladite resistance, ledit fragment 
etant derive de 1 • extremity 5' de l'ARN2 genomique ou 
subgenomique du BNYW, ou du cADN correspondant , ce 
fragment codant pour au moins une partie des proteines 
codees par les nucleotides 145 a 3285 de la sequence 
sauvage de l'ARN2, et etant sous le controle d'un 
promoteur permettant 1' expression du fragment dans les 
cellules de la plante et etant dans 1 ' orientation sens 
ou antisens. 

Dans le contexte de 1' invention, un fragment 
"derive de I'extremite 5' de l'ARN2 du BNYW" signifie 
le cADN correspondant , ou une variante capable 
d'hybrider avec celui-ci dans des conditions non 
stringentes, ou dont le produit d' expression presente 
au moins 80 % d'homologie. II est important que les 
variantes presentent la propriete de pouvoir inhiber 
1' infection par le BNYW dans des cellules 
I'exprimant. Par "inhiber", il faut comprendre une 
reduction et un retard signif icatif s de 1' apparition 
des symptomes de 1 ■ infection et de la multiplication 
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du virus. Dans des conditions optimales, les symptomes 
et la multiplication du virus sont elimines 
totalement . 

Coinine exemple de fragment d'acide nucleotidique 
prefere, on citera un fragment de I'extremite 5' de 
1*ARN2 genomique du BNYW ou du cDNA correspondant , 
codant pour au moins une partie de la proteine codee 
par les nucleotides 145 a 2218 du ARN2 ou pour une 
variante de cette proteine presentant une homologie 
d'au moins 8 0 % et comportant 1' insertion, la 
substitution ou la deletion d*acide(s) amine (s) et qui 
confere une resistance a la rhizomanie aux cellules 
1 ' exprimant . 

Un autre exemple d'une plante transgenique selon 
cet aspect de 1 • invention est celle dans laquelle 
ledit fragment code pour la proteine codee par les 
nucleotides 145 a 708 et, en outre, pour une partie de 
la proteine codee par les nucleotides 709 a 2218 de 
l'ARN2 du BNYW. Une telle plante transgenique peut 
comporter, selon 1* invention, un fragment qui code 
pour la proteine codee par les nucleotides 145 a 871 
de l'ARN2 du BNYW, ce fragment pouvant etre compose, 
par exemple, par les nucleotides 91 a 871 de l'ARN2 du 
BNYW. 

Le fragment transformant peut aussi coder pour au 
moins une partie d'une variante de la proteine codee 
par les nucleotides 145 a 2218, ladite variante se 
distinguant de la sequence sauvage par la presence de 
la sequence Glu Asp Leu Pro qui remplace les acides 
amines His ALa codes par les nucleotides 253 a 258 de 
la sequence sauvage. Par sequence sauvage, il faut 
comprendre la sequence de l'ARN2 publiee par Bouzoubaa 
et al (1986) , en particulier celle de la figure 2 de 
ladite publication. Cette figure indique la sequence 
nucleotidique ainsi que la sequence d' acides amines. 
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La numerotation des bases utilisee dans cette demande 
est la meme que celle appliqxiee par Bouzoubaa et: al . 

Comme exemples de parties de ce type de variante, 
on peut citer un fragment qui est compose par les 
nucleotides 91 a 871 de la sequence sauvage, les 
nucleotides 253 a 258 de la sequence sauvage etant 
remplaces par ceux codant pour Glu Asp Leu Pro. La 
partie de la variante peut aussi correspondre a celle 
codee par les nucleotides 145 a 255 dans la sequence 
sauvage, les nucleotides 253 a 255 de la sequence 
sauvage etant remplaces par ceux codant pour Glu, 

Encore un exemple d ' une plante transgenique selon 
cet aspect de 1 ' invention est celle dans laquelle 
ledit fragment code pour au moins une partie d ' une 
variante de la proteine codee par les nucleotides 14 5 
a 2218, ladite variante se distinguant de la sequence 
sauvage par la presence de la sequence Arg Ser Ser Gly 
au lieu des acides amines codes par les nucleotides 
637 a 651 de la sequence sauvage, la sequence Arg Ser 
Ser Gly formant le carboxy-terminal de la proteine. 

Plus particulierement , les plantes transgeniques , 
selon ces aspects de 1* invention, expriment des 
fragments d'acide nucleique consistant en les 
nucleotides 91 a 871 du ARN2 du BNYW ou de la 
sequence cADN correspondante , dans lequel les 
nucleotides 253 a 2 58 sont eventuellement remplaces 
par GAA GAT CTT CCT, ou dans lequel la sequence GA AGA 
TCT TC a ete inseree a la position 638, immediatement 
apras le C en position 637, ou encore les fragments 
Bglll de ces sequences. 

Selon un autre mode de realisation de 
1' invention, le fragment transformant peut consister 
en les nucleotides 2078 a 2774 du ARN2 subgenomique du 
BNYW. La proteine ainsi exprimee correspond au NH2 
terminal de la proteine de 42kDa du BNYW. 
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Des exemples de fragments d'acide nucleique 
tr.-^nsf omants particuliarament: prefaraii et les 
proteines codees par ces fragments sont illustres dans 
ie tableau 1 (voir exemple 6) , 

Parmi ces sequences pairticulierement preferees, 
on citera la sequence de bases consecutives codant 
pour au moins une partie de la proteine de capside de 
22 Kd (codee par les nucleotides 145 a 708) et, en 
outre, pour une partie de la proteine de 75 Kd (codee 
par les nucleotides 709 a 2218). Un exemple d ' une 
telle sequence est celle composee des nucleotides 91 a 
871 du ARN2, Ce type de sequence incluant le codon 
stop du 2 2 Kd donne lieu au phenomene de "readthrough" 
et la cellule exprirae ainsi deux proteines a la fois. 

L' invention ccncerne egalement les proteines 
produites par 1 * expression de ces sequences, et en 
particulier la proteine de 29 Kd resultant de 
1' expression des nucleotides 91 a 871 du ARN2 , qui est 
exprimee en meme temps que la proteine de capside de 

2 2 Kd. 

Les promoteurs qui peuvent etre utilises dans les 
plantes transgeniques resistantes a la rhizomanie sont 
tous ceux qui permettent 1' expression de la sequence 
conferant la resistance dans la plante. Les promoteurs 

3 5S et Nos qui sont, respectivement le promoteur du 
grand transcrit 3 5S du virus de la mosaique du choux- 
fleur et le promoteur du gene de la nopaline synthase 
sont particulierement preferes. L' utilisation de ces 
promoteurs constitutif s , et en particulier le p3 5S^ 
donne lieu d'une maniere surprenante a une expression 
specifique de la proteine protectrice dans les 
racines. 

D'autres signaux de transcription a utiliser avec 
le promoteur sont des terminateurs , par exemple Nos, 
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Les graines des plantes transgeniques resistantes 
a la rhizomanie font, egalenient partie de cet aspect de 
1 • invention . 

Les sequences utilisees dans la transformation 
des plantes de 1' invention peuvent etre utilisees 
comine sonde nucleique, en combinaison avec des moyens 
permettant une detection de 1 ' hybridation, pour 
detecter la presence des sequences dans des cellules 
transf ormees. Ceci peut etre utile pour verifier 
1 ■ etat transf orme des cellules. 

Get aspect de 1 ■ invention concerne egalement un 
precede de production de plantes transgeniques 
appartenant a I'espece Beta vulgaris et resistante a 
1' infection par le BNYW, ladite plante exprimant, 
specif iquement dans les racines, une proteine capable 
de conferer ladite resistance, ledit procede 
comprenant la transformation, par 1 • intermediaire 
d ' Aqrobacterium tumef aciens , de cellules provenant de 
Beta vulgaris avec un des fragments tels que decrits 
ci-dessus, la transcription dudit fragment etant sous 
le controle d'un promoteur const itut if tel que le p3 5S 
ou le pNos, suivi de la regeneration d'une plante 
transgenique a partir des cellules transf ormees. 

Les dif f erents aspects de 1 • invention seront 
illustres par les exemples non limitatifs suivants. 
Ces exemples illustrent notamment : 

- la production de fragments de message genetique 
modifie ou non du virus du BNYW, par la plante, 

-• 1' expression de ces fragments d*ADN d'origine 
virale sous des promoteurs constitutifs (35S ; Nos) , 

- la verification de cette expression par la mise 
en evidence des ARN messagers correspondants dans des 
suspensions cellulaires habituees et transf ormees , 
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- ia confirmation de la production dans la meme 
cellule de deux proteines de tallies dif f erentes 
codees par le meme gene : 

* la proteine de capside du BNYW de 22 Kd (188, 
acides amines ) 

* la proteine chimerique derivee de la proteine 
de capside, de 29 Kd (252 acides amines), 

- 1 ' utilisation des trois souches desarmees 
d ' Aqrobacterium tumef aciens pour la transformation de 
suspensions cellulaires et de cals friables de 
betterave , 

- I'obtention de suspensions cellulaires 
transformantes, induites a partir de cals selectionnes 
sur kanamycine apres transformation de suspensions 
cellulaires habituees, 

- 1 ' utilisation de ces suspensions cellulaires 
transformees comme modele pour tester 1' expression de 
tout fragment d'ADN place sous le controle de 
promoteurs appropries , 

- 1 ' utilisation de ces suspensions cellulaires 
pour tester 1 ' inhibition de la multiplication virale 
par un gene donne, 

- 1' inhibition de la multiplication du BNYW dans 
des protoplastes issus de suspensions cellulaires 
transformees et produisant les deux proteines de 22 Kd 
et 2 9 Kd, des protoplastes servant comme modele pour 
tester 1 ' inf ectabilite de la cellule, les cellules ne 
pouvant pas etre infectees directement par les virus, 

- la transformation de jeunes cals friables 
organogenes , 

- I'obtention de cals transformes organogenes 
selectionnes sur kanamycine apres transformation de 
j eunes cals friables organogenes , 

- la possibilite de supprimer tres tot a la fois 
1' agent selectif (kanamycine) et 1 ' agent 
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bacteriostatique (cefotaxime) du milieu de culture des 
cals, 

- le developpement des bourgeons ou embryons 
inities a partir des cals transformes, en plantes 
transf ormees enracinees , 

- 1* expression dans la plante des genes 
transf eres , 

- la mise en evidence de la production des 
proteines 22 et 29 Kd specif iquement dans les racines 
de betteraves transf ormees , 

- 1' absence de la production de proteines 2 2 et 
29 Kd dans la partie aerienne des plantes 
transf ormees , 

- la production de graines transgeniques a partir 
de transf ormants priraaires, 

- la mise en evidence de la resistance a la 
rhizomanie des plantules issues des graines 
transgeniques . 

Les figures 1 a 11 et les tableaux 1 a 3 
illustrent differents aspects de 1' invention, 
notamment : 

Figure 1 : 

Organisation genet ique de l'ARN2 du BNYW d'apres 
Bouzoubaa et al, (1986) 

Figure 2 : construction des vecteurs d' expression 
pBIOSl et PBI0S3. 

pBIOSl contient le promoteur (pNos) et le 
terminateur (Nos 3') du gene de la nopaline synthetase 
s6pares par un site de restriction BamHI (B) et 
encadres par deux sites EcoRI (E) . 

pBIOS3 est un derive de pBIOSl ou le promoteur 
Nos a ete remplace par le promoteur du transcrit 3 5S 
(p35S) du Cauliflower Mosaic Virus (CaMV) isole du 
plasmide pJEA25 (don de T. Michael) . 
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Abreviations : B, BamHI - E, EcoRI - H, Hind III 

- lip, HphI - F, Pst I " S, Gmal - Sst, SstI - X, XhoII 

- T4 DNA pol, T4 DNA polymerase - K, klenow polymerase 

- E Met, EcoRI Methylase - Ap, Ampicilline - bp, paire 
de base. 

Figure 3 : genes chimeriques codant pour la 
proteine de capside du BNYW et pour la proteine 
chimerique derivee. 

A partir du plasmide pBC2 contenant I'ADN copie 
de 1 ' extremite 5 ' du RNA2 , nous avons isole un 
fragment: Dral-Bgl I de 780 bp (position 91 a 871) . Ce 
fragment a ete traite par la T4 DNA polymerase et des 
linkers BamHI ont ete rajoutes permettant son clonage 
au site BamHI des vecteurs d ' expression pBIOSl et 
pBI0S3. Les deux plasmides pBIOl-lB et pBI03-lB 
obtenus ont le fragment d'ADN en orientation sens, 

Abreviation : B, BamHI - D, Dra I - E, EcoRI - P, 
PstI - Sst , Sst 1 - T4 DNA Pol , T4 DNA Polymerase - 
CAP, depart theorique du transcrit - A-f, signal de 
polyadenylation - ATG, codon de depart - TGA, TAA, 
codons stop. 

Figure 4 : construction de pBI01-2B et pBI01-5B. 
Figure 5 : construction des vecteurs de 
transf ert . 

Les differentes entites genetiques f onctionnelles 
derivees de pBIOSl et de pBIOS3 sont inserees dans le 
vecteur binaire pGA492. Les derives de pBIOSl sont 
clones au site EcoRI et seuls sont retenus les 
construits orientes dans le sens de transcription 
identique au gene de la neomycine phophotransf erase 
(npt) , alors que les derives de pBIOSB sont inseres 
entre le site SstI et le site EcoRI, et se trouvent 
obligatoirement dans la bonne orientation, 32 
plasmides derives de pGA49 2 ont done ete obtenus. 



WO 91/13159 




BNSDOCID: <W0 9113159A2> 



wo 91/13159 




PCT/FR9 1/00 170 



27 

Abreviations : E, EcoRI - Sst, SstI - npt, 
neomycine phosphotransferase - can, chloroamphenicol 
acetyltransf erase - BR et BL, bordures droite et 
gauche du T-DNA - Tet, tetracycline resistance - Kb, 
kilobase. 

Figure 6 : vecteur binaire pGA-^ -3-lB. 

Legende : 3 5S, promoteur 3 5S du Cauliflower 
Mosaic Virus - 5*Nos, promoteur du gene de la nopaline 
synthase - Nos, tenninateur du gene de la nopaline 
synthase* NPT, gene de la neomycine phosphotransferase 
-UID A, gene de la -glucuronidase d'E- coli - BR et 
BL, bordures droite et gauche du T-DNA de pTiT 37 - 
amp, gene de resistance a 1 * ampicilline - tet. , gene 
de resistance a la tetracycline - Kana. , gene de 
resistance a la kanamycine - EcoRI - H, Hind III - 
S, Sst I - • , origine de replication du RK2 . 

Fic^ire 7 : analyse par Western blot des 
suspensions cellulaires transformees par le vecteur 
binaire pGA- /9-3-lB. 

Legende : CP, proteine de capside - WT, 
suspension non transformee - 2 0 ng et 2 ng, 
reconstructions avec les quantites indiquees de BNYW 
0-Glu, ^-glucuronidase - MW, marqueur de poids 
moleculaire . 

En encadre, la structure du gene chimerique 
codant pour la proteine de capside est represente. 
p35S; promoteur du Cauliflower Mosaic Virus - Nos , 
terminateur du gene de la nopaline synthase ; tag, 
codon de terminaison du BNYW : readthrough - tag, 
codon de terminaison situe dans le terminateur - atg, 
codon d ■ initiation . 

Figure 8 : infection de protoplastes de betterave 
par du BNYW F13 (□ ,0) et S2 (V) par la methode au 
PEG. (A) represente les resultats obtenus avec du 
virus inactive. 
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Figure 9 : infection de protoplastes de betterave 
par eL^ctroporatiiGn an presence (T) et: en absence ( a /dt 
CaC12 5 mM. Les symboles ouverts correspondants 
representent le pourcentage de protoplastes viables en 
presence (V) et en absence (□) de CaC12 5 mM. 

Figure 10 : profils densitometriques d* analyses 
de RNA extraits de protoplastes infectes isoles de 

lignees exprimant: ( ) ou n'exprimant pas ( ) la 

proteine de capside du BNYW. 

Figure 11 : analyse par Western blot d' extraits 
proteiques de 3 betteraves transgenigues a 1 ' aide de 
deux serums : un serum anti-BNYW et un serum anti-^s 
-glucuronidase . 

Abreviations : L, limbe ; petiole ; racine 

; Te, temoin ; S, suspension cellulaire ti-ansf ormees ; 
2ng, 2ng de BNYW purifie ; 14-3, 22-1 et 68-1 
referent a 3 betteraves transgenigues differentes. 

Tableau 1 : les 16 genes de resistance potentiels 
au BNYW avec leurs produits theoriques . 

N,B. : les chiffres entre parentheses referent la 
position des sites de restrictions selon la sequence 
du BNYW ; A represente le linker Bglll additionne. La 
taille des transcripts correspond a la partie du 
messager complementaire du BNYW. 

Tableau 2 : infection par le BNYW de 
protoplastes issus de cellules transformees et non 
transf ormees . 1 x 10*^ protoplastes ont ete inocules 
avec 5 /xg BNYW (F13 ou S2) sauf pour Inexperience 
4 ou 1' inoculum consistait de 3 0 jug de BNYW les 
chiffres representent le pourcentage de protoplastes 
fluorescents detectes 3 0 h apres 1 ' inoculation. CP+ et 
CP- sont des lignees cellulaires transformees 
exprimant et n'exprimant pas la proteine capsidaire du 
BNYW. 
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TaJsleau 3 : differents milieux de culture 
utilises dans le precede de transformation et de 
regeneration selon 1* invention. 

EXEMPLE 1 : EXTRACTION DE L ' ARN VIRAL 
La multiplication du virus BNYW se fait sur 
Chenopodium quinoa apres inoculation manuelle, et 
1' extraction se fait a partir de feuilles virosees de 
huit jours selon la technique de Putz (1977). La 
suspension virale ainsi obtenue est ajustee a 100 mM 
NaCl puis soumise a deux extractions au phenol suivies 
de deux lavages a 1 ' ether de la phase aqueuse. Les RNA 
viraux sont precipites par addition de deux volumes 
d'ethanol distille et conserves a -20' C. Le nombre et 
la taille des RNA a ete rapporte par Richards et al 
(1985) . 

EXEMPLE 2 : FABRICATION DU cDNA DU RNA 2 
Richards et al ont montre en 1985 que le RNA 2 
etait un messager efficace pour la synthese de la 
proteine capsidaire, Un ADN complementaire d'une 
partie du RNA 2 a ete synthetise par la methode de Van 
der Werf et al (1981) et clone au site Pst 1 du 
plasmide pBR322 (Bolivar et al, 1977). Le plasmide 
resultant pBC2 contient un ADN copie correspondant aux 
2938 bases de I'extremite 5' du RNA 2 (Richards et al, 
1985) . 

EXEMPLE 3 ; DETERMINATION DE LA SEQUENCE DE 
L'EXTREMITE 5 ' DU RNA 2 

Grace a la technique de Maxam et Gilbert (1980), 
et a celle de Sanger (1977), la sequence du clone pBC2 
a ete determinee. La sequence detaillee est presentee 
dans la publication de Bouzoubaa et al (1986) avec 
1 ' organisation genetique du RNA2 schematisee. L'examen 
de cette sequence a confirme la presence de la 
proteine de capside au niveau du ler cistron situe en 
5', le codon ATG de depart etant place a 144 
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nucleotides de 1 ' extremite 5*. Cette proteine d*un 
poids rnoleculaire de 22 Kd ccnpcrte ISS codons et 
tannine par un codon ambre UAG. La composition en 
acides amines deduite de la sequence est identique a 
celle de la proteine capsidaire du BNYW determinee 
par C, Putz (1977). Le codon stop (UAG) est 
immediatement suivi d'une phase ouverte ayant une 
capacite codante correspondant a un polypeptide de 54 
Kd. Par la suppression du codon UAG, on peut done 
obtenir une phase de lecture ouverte capable de coder 
pour une proteine de 7 5 Kd. Ces donnees sont en accord 
avec les resultats obtenus par Ziegler et al (1985) 
montrant que le RNA2 est un messager efficace pour la 
synthese de deux proteines immunoprecipitees par du 
serum anti BNYW et dont la synthese est augmentee en 
presence d'un t.RNA suppresseur. Tous ces resultats 
sont discutes dans la publication de Bouzoubaa et al 
(1986), il est aussi precise qu'une 3eme phase de 
lecture capable de coder in vitro pour une proteine se 
fait a partir d'un ARN subgenomique du RNA2 qui a ete 
mis en evidence et qui peut etre encapside. 

EXEMPLE 4 : CONSTRUCTION DES VECTEURS 

D* EXPRESSION 

Premierement les signaux de transcription du gene 
de la nopaline synthase de la bacterie Aqrobacterium 
tumef aciens T 3 7 ont ete utilises. A partir du 
plasmide pNopneoA 18 construit par Bevan (1983) dont 
la structure est presentee dans la figure 2, celui-ci 
contient la sequence du vecteur de clonage pUC9 
(Vierra et al, 1982) avec un fragment EcoRI-BamHI de 
2 60 bp et un fragment Hindlll-XhoII (BamHI-Bgll) de 
310 bp. Ces deux fragments qui proviennent du plasmide 
tumorigene pTiT37 d ' Aqrobacterium tumef aciens T 37 
contiennent respectivement le signal de 

polyadenylation et le promoteur du gene de la nopaline 



BNSDOCID: <WO 9113159A2> 



wo 91/13159 ife A PCT/FR91/00170 



31 

synthase. Ces deux signaux de transcription encadrent 
un fragment Bglll-Bam HI de 1000 bp qui contient le 
gene codant pour 1 ' aminoglycoside phosphotransferase 

II ; a partir de ce plasinide, le fragment de 1000 bp a 
ete enleve par digestion menagee avec 1* enzyme de 
restriction XhoII, et les molecules de taille de 3300 
bp environ sont recuperees apres migration sur gel 
d' agarose. Apres ligation et transformation dans E. 
coli HBlOl (Bolivar et al, 1979) des transf ormants 
resistants a 1 ' ampicilline ont ete selectionnes . La 
majorite de ces techniques sont decrites dans 
••Molecular Cloning. A laboratory manual" (Maniatis et 
al, 1982). Grace a la cartographie a I'aide d' enzyme 
de restriction, les inventeurs ont retenu le plasmide 
pNosAKeo, qui possedait un fragment EcoRI-BairtHI de 2 60 
bp et un fragment BamHI-Hindlll de 310 bp. Pour des 
commodites d ' utilisation de ce plasmide, les 
inventeurs ont reraplace le site de restriction Hind 

III par un site EcoRI (details non presentes) et ainsi 
ils ont obtenu le vecteur d' expression pBIOSl (figure 
2) . 

Un autre vecteur d' expression a ete construit 
dans le cadre de 1' invention. II a la meme structure 
que pBIOSl, le meme fragment comportant le signal de 
polyadenylation, mais le fragment promoteur a ete 
change. En effet, le fragment Pstl-BamHI comportant le 
promoteur du gene de la nopal ine synthase a ete 
remplace par un fragment EcoRI-BamHI de 4 00 bp 
contenant le promoteur du grand transcrit 3 5S du virus 
de la mosaique du choufleur (Ca.M.V.). Ce fragment a 
ete obtenu a partir du plasmide pUC35S qui derivait du 
clonage d'un fragment BamHI-HphI au site Sma I du 
vecteur de clonage pUC13 (Messing, 1983). La source du 
fragment BamHI-HphI etait le plasmide pJEA25 construit 
par T. Michael qui avait preleve un fragment Dde I 
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s ' etendant de la position 7069 a la position 7569 du 
Ca>r7 isolat BJl decrit par Franck et al (1980). Apres 
avoir modifie les extremites de ce fragment grace a 
des linkers BamHI , T. Michael 1 ■ avait clone au site 
BamHI du plasmide pAT153 (Twigg et al, 1980) . Sur la 
figure 2, les differentes etapes de la construction du 
vecteur d* expression pBI0S3 sont schematisees • 

Pour les deux vecteurs d' expression pBIOSl et 
pBI0S3, le site de restriction BamHI est present entre 
les deux fragments d'ADN contenant le promoteur pour 
I'un et pour 1 ' autre le signal de polyadenylation ; 
cette situation est ideale pour 1 ' insertion de tout 
DNA etranger qui sera un substrat pour la 
transcription. 

EXEKPLE 5 : INSERTION DE FRAGMENTS cDNA DU BNYW 
AU SITE BAMHI DES VECTEURS D' EXPRESSION 

Le plasmide pBC2 a ete digere par les enzymes de 
restriction Bgll et Dral et ensuite 1 • extremite 
sortante du site Bgll a ete supprimee par 
1 ' utilisation de la DNA polymerase du bacteriophage 
T4 . Ce fragment a ete purif ie par elution a partir 
d ' un gel d ' agarose , apres separation 

electrophoretique. Des linkers BamHI ont ete 
additionnes aux extremites de ce fragment, et apres 
une digestion avec un grand exces de 1' enzyme de 
restriction BamHI ; ce fragment de 78 0 bp a ete incube 
avec les vecteurs pBIOSl et pBIOS3 ouvert au site 
BamHI. Apres ligation, le melange a servi a 
transformer E. coli HBIOI. Apres un tri effectue sur 
les clones resistants a 1 • ampicilline, 4 plasmides ont 
ete retenus . Les plasmide appeles pBIOl-lB et pBIOB-lB 
qui ont le fragment cDNA contenant la sequence codante 
de la proteine de capside sous le controle du 
promoteur Nos pour le premier et pour 1 ' autre sous le 
controle du 35S (figure 3). 
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Ces plasmides peuvent diriger la fabrication de 
RNA messagers qui une fois traduits, produiront a la 
fois la proteine de capside du BNYW et une proteine 
chimerique de 2 9 Kd provenant de la suppression du 
codon stop (phenomene de readthrough) . Cette proteine 
de 2 52 acides amines est composee coime suit : 

les 188 acides amines de la proteine de 

capside , 

- 53 acides amines de la proteine de 75Kd allant 
de la position 189 a 241 inclus, 

- de 11 acides amines codes par la sequence du 
terminateur de la nopaline synthase qui sont 
respectivement : threonine ^ glycine, serine, proline, 
isoleucine, leucine, glutamine, threonine, 
phenylalanine, glycine, glutamine. Deux autres 
plasmides ont ete obtenus, ces plasmides appeles 
pBIOl-lA et pBIOS-lA ont le fragment cDNA du BNYW en 
orientation inverse sous le control e des deux 
promoteurs. Ces plasmides pourront diriger la 
fabrication de RNA messagers dits antisens, qui seront 
des messagers complementaires de la partie 5* du RNA2 . 

EXEMFIiE 6 : CONSTRUCTION D ' UNE FAMILIiE DE GENES 
PERMETTANT LA FABRICATION DE PROTEINES DE CAPSIDE DU 
BNYW MODIFIEES ET DE RNA ANTISENS DE TAILLE VARIABLE 

Deux plasmides derives de pBIOl-lB, le plasmide 
pBI01-2B et le plasmide pBI01-5B ont ete construits. 
Les differentes etapes de la construction de ces 
plasmides sont presentees dans la figure 4. Brievement 
pour la construction de pBI01-2B, le plasmide pBIOl-lB 
a ete ouvert au site SphI (position 256 du RNA2) les 
bouts "collants" ont ete enleves par 1 • utilisation de 
la DNA polymerase du bacteriophage T4 (deletion de 4 
bp) et des linkers Bglll de 10 bp ont ete ligases aux 
extremites f ranches ainsi produites. Apres une 
digestion exhaustive avec Bglll, le plasmide est 
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religase. Apres transformation dans E. coli, le 
plasmide pBIOl-23 a ete obtenu ; celui-ci ne contient 
plus da site SphI et a cette position on trouve 
maintenant un site Bglll. Cette manipulation a permis 
deux choses : premierement , 1 ' obtention d'un site de 
restriction utile pour d'autres constructions 
(extremites compatibles avec celles produites par 
BamHI) et deuxiemement , 1 ' obtention d'une sequence 
codante modifiee qui code pour une proteine de 
capside possedant deux acides amines supplementaires 
et dont deux acides amines sont changes, Le plasmide 
pBI01-5B a ete obtenu par le meme type de manipulation 
mais dans son cas c'est le site Smal de pBIOl-lB 
(position 637 du RNA2) qui a ete modifie par des 
linkers Bglll. Ce plasmide code pour une proteine de 
capside raccourcie de 19 acides amines et dont les 4 
derniers sont modifies. 

En utilisant les sites Bglll et Bam HI de ces 
deux plasmides, les inventeurs ont pu isoler et doner 
dans les deux vecteurs d ' expression pBIOS 1 et pBIOS 3 
differents morceaux de cDNA recouvrant I'extremite 3' 
ou 1 ' extremite 5' de la proteine de capside et ceci 
sur des longueurs variables. Une famille de genes 
susceptibles de rendre resistante au BNYW une cellule 
ou une plante fabriquant le produit d'un ou plusieurs 
de ces genes a ainsi ete obtenue. Tous ces differents 
fragments de cDNA sont presentes dans le tableau 1 
avec les produits attendus (transcrit et proteine) ; 
la lettre B referant une orientation sens et A une 
orientation antisens . 
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TABLEAU 1 



CODE 


FRAGMENT 


CDNA 


TRAi^SCRIPT 


PROTEINE 


IB 




bo 


ARN bon sens 


proueine ae 




(91) 22 


Kd ( 871) 78 0 bp 


Cdpsxcie Qe r\u. 










(188 acides ami- 










nes) et proteine 










chimerique deri- 










vee 2 9 Kd (2 52 










Aa) 


2B 






ARN bon sens 


Proteine de 




( 256 ) 




780 bp 


canside mutee 

fc^ fcJ ^« 








(190 Aa) 


3B 






ARN bon sens 
3 • 165 bp 


3 6 Aa NH2 termina]. 
de la proteine 
de capside 


4B 


^ 




ARN bon sens 








5' 615 bp 




5B 






ARN bon sens 


Proteine de 






(6 37) 


780 bp 


capside tronquee 
(169 Aa) 


6B 




/ 


ARN bon sens 


164 Aa NH2 terminal 








5' 546 bp 


de la proteine de 
capside 


7B 






ARN bon sens 
3* 234 bp 




8B 


700 


bp 


ARN bon sens 
700 bp 


215 Aa NH2 terminal 
de la proteine de 
4 2 Kd 




( 2078 ) 


(2774 
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CODE FRAGMENT cDNA 
1 A 



(87 01) 



( 91 ) 



2 A 



3 A 



4 A 



5 A 



6 A 



7 A 



8 A 




TRANS CRI PT 
ARN anti-sens 
780 bp 

ARN anti-sens 
780 bp 

ARN anti-sens 
5' 165 bp 
ARN anti-sens 
3' 615 bp 
ARN anti-sens 
780 bp 

ARN anti-sens 
5' 546 bp 
ARN anti-sens 
3' 234 bp 
ARN anti-sens 



( 2774 ) ( 2078 )700 bp 



N.B. : les chiffres entre parentheses reperent la 
position des sites de restrictions selon la sequence 
du BNYW ; V represente le linker Bglll additionne. La 
taille des transcripts correspond a la partie du 
messager complementaire du BNYW, 

Sur ce tableau, il est aussi presente un fragment 
de cDNA s ' etendant de la position 2078 a 2774 ; il 
s'agit d'un fragment Sau 3 A du RNA2 correspondant a 
I'extremite 5'du RNA subgenomique codant pour la 
proteine de 42 Kd (figure lb) . Les inventeurs ont 
clone ce fragment dans les vecteurs d* expression 
pBIOSl et pBI0S3 et ceci dans les deux orientations 
{8B et 8A) . 
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EXEMPLE 7 : INTRODUCTION DES GENES DANS UN 

VECTEUR BINAIRE 

Le vecteur binaire pGA492 choisi a ete construit 
par G- An (1986). Ce plasinide a une taille de 12 kb, sa 
carte genetique est presentee dans la figure 5, Ce 
plasmide possede : 

- deux fragments d ' ADN contenant les sequences du 
T-DNA du plasmide tumorigene pTiT37, ces sequences 
delimitent la partie transferee et sont indispensables 
au transf ert , 

un gene chiinerique contenant la sequence 
codante du gene de la neomycine phosphotransferase du 
transposon Tn5 (Rothstein et ai, 1981) qui est 
fusionne a un fragment contenant le proinoteur du gene 
de la nopaline synthase et les premiers codcns de la 
sequence codante de ce raeme gene. Ce gene chimerique 
est termine par le signal de polyadenylation du gene 
de la nopaline synthase. Ce gene confere, aux cellules 
vegetales le contenant la capacite de se multiplier en 
presence de kanamycine, qui est normalement un 
antibiotique toxique pour celles-ci, 

plusieurs sites uniques de restriction 
permettant le clonage de genes construits in vitro, 

- une origine de replication a large spectre 
d'hote fonctionnant dans E. coli et dans Agrobacterium 
tumef aciens , 

- une origine de transfert et les genes mob 
necessaires pour le transfert par conjugaison 
bacterienne , 

- un gene de resistance a la tetracycline qui 
permet la selection de bacteries transconjugates , 

- un gene de resistance a la tetracycline qui 
permet la selection de bacteries transconjugantes . 

Sur la figure 5, les inventeurs ont exemplifie 
1 • introduction de deux genes, les genes portes par 
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pBIOl-lB et par pBI03-lB. Tous les fragments de cDNA 
sous le ccr.trcle du prcinoteur Nos (pBIOSl derives) 
sent clones au site EcoRl de pGA 492 apres isolement 
des genes respectifs avec EcoRI . Seuls les clones 
presentant les genes dans le meme sens de 
transcription que celui du gene conferant la 
resistance a la kanamycine sont retenus. Pour les 
genes contenant le promoteur 35S du CaMV (pBIOS3 
derives) le clonage s'effectue entre les sites Sst I 
et EcoRI de pGA 492 apres digestion des diferents 
plasmides par ces deux memes enzymes. 3 2 vecteurs de 
tranfert ont ete obtenus, deux de ceux-ci sont 
presentes dans la figure 5, pGA-l-lB et pGA-3-lB. 

EXEMPLE 8 : INTRODUCTION D'UN GENE REPORTEUR DANS 
liE VECTEUR EINAIRE pGA-3-lB 

La confirmation du caractere transforms d'un 
tissu vegetal s'effectue dans de nombreux cas par la 
mise en evidence des proteines codees par les genes 
transferes. Dans le cas du vecteur binaire pGA-3-lB, 
les inventeurs ont pu doser par des techniques 
immunologiques la proteine de capside du BNYW et par 
un dosage enzymatique I'activite de la neom.ycine 
phosphotransferase qui confere la resistance a la 
kanamycine. Cependant, ces dosages sont longs et 
delicats et ils necessitent une importante quantite de 
materiel vegetal. 

En 1987, Jefferson et al, utilisent le gene uid A d'E. 
coli codant pour 1 ' enzyme ^-glucuronidase (GUS 
E.G. 3. 2. 2. 31) comme gene report eur. Ce gene sous le 
controle de signaux de transcription vegetaux 
(promoteur 3 5S du CaMV et terminateur Nos) s'exprime 
tres bien dans les cellules vegetales et 1» enzyme se 
revele tres stable. Plusieurs methodes de dosage de 
I'activite enzymatique de cette proteine sont 
disponibles car il existe differents types de 
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substrats ; en particulier des substrats donnant des 
produits chromogenes en des substrats donnant des 
produits f luorescents . On peut effectuer de fa^on 
simple et avec peu de materiel vegetal des dosages 
quantitatifs (intensite de la fluorescence) et des 
dosages qualitatifs par histochimie (apparition d ' un 
precipite bleu-indigo) . Pour beneficier de ce systeme 
reporteur dans les experiences de transformation, les 
inventeurs ont construit le vecteur binaire 
pGA-^-3 -IB . La structure genique de ce plasmide est 
presentee dans la figure 6. Le gene pouvant inhiber la 
multiplication du BNYW est encadre par la gene 
conferant la resistance a la kanamycine et par le gene 
codant pour la ^-glucuronidase. Pour realiser cette 
construcrion , les inventeurs ont insere au site EcoRI 
du vecteur binaire pGA-3-lB, le plasmide pBI221 
(Jefferson, 1987) ouvert a sont site EcoRI. Le vecteur 
binaire pGA-^-3-lB resultant (d'une taille de 19 kb) a 
ete transfere dans les souches d ' Agrobacter ium 
desarmees (LBA 4404, EHA 101, C58'3) par conjugaison 
triparentale selon la technique decrite par Ditta et 
al (1980) . 

EXEMPLE 9 : OBTENTION DE CALS FRIABLES 
REGENERANTS A PARTIR DE FEUILLES 

Des graines de betterave sont semees dans du 
terreau en serre. Ces graines sont issues de la 
variete americaine "REL 1". 

Environ un mois apres la germination en serre, 
les premieres experiences d* induction de cals selon la 
methode decrite par Saunders et al (1986) ont ete 
faites : 

- de jeunes feuilles de 3 a 5 cm de long sont 
prelevees de chaque plante, 

- elles sont desinfectees comme suit : 
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detergent de la marque Domestos 15 % pendant 5 

minutes 

3 rincpages a I'eau sterile 
sechage sur papier filtre sterile 

- chaque feuille est ensuite decoupee 
fragments de 0.25 cm^ environ, 

- les explants ainsi obtenus sont mis en culture 
sur du milieu MSBl (Tableau 3) en boites de Petri 

- les boites apres avoir ete scellees avec un 
fxlm plastique de la marque Scello-frais sont placees 
a 30 -c a I'obscurite pendant 3 0 jours, 

- puis elles sont sorties en chambre de culture 
L:D 18:8, 25''C:20"C. 

n.i ' ^ ^° semaines apres la mise en culture, des 

cals blancs friables apparaissent autour, sur ou sous 
les explants foliaires. 

De 1 a 8 semaines apres 1' apparition de cals des 
bourgeons et/ou embryons commencent a regenerer de ces 

TABLEAU 3 : MIT.TFTj qe cut.TTTPP 
MS : 

x-wiajL X xitre : 

4.4 g de milieu de Murashige et Skoog 
deshydrates de chez siGMA ref. M6899. 

Vitamines : 

1 mg panthotenate de calcium 

0, 01 mg biotine 

1 mg acide nicotinique 

1 mg pyridoxine HCl 

10 mg thiamine HCl 
30 g saccharose 
PH : 5, 8 

Milieu solide : 8 g agar-agar 
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MSBl : 

MS + 1 mg/l BAP 
MSBo . 1 : 

MS 0 . 1 mg/1 BAP 

MS enracinement : 

MS 1 mg/l ANA 

Etalement des cellules : 

MSBl c = MSB ^ 300 mg/1 cefotaxime 

MSBl CK = MSB + 300 ing/1 cefotaxime + 200 mg/1 

kanamycine 

LB : 

Pour 1 litre : 

10 g bactotryptone 
5 g yeast extract 
10 g NaCl 

EXEMPLE 10 : OBTENTION DE SUSPENSIONS CELLULAIRES 
A PARTIR DES CALS INDUITS 

De 4 a 6 semaines apres leur apparition^ les cals 
sont preleves (en evitant toute structure organisee) 
et mis en culture dans 100 ml de milieu MSBl liquide, 
dans les erlenmeyers de 250 ml femes avec une feuille 
de cellophane maintenue au col par deux elastiques. 
Les erlenmeyers sont agites a 200 RPM environ dans la 
chambre de culture. 

La suspension cellulaire s'etablit en 2 ou 3 
semaines. Chaque suspension est repiguee toutes les 3 
semaines environ comme suit : 

- le contenu de chaque erlenmeyer apres 3 
semaines de culture est filtre sur une serie de trois 
tamis empiles (dont les mailles sont de 1 mm, 500 /im 
et 100 ^.m) . Une partie de chaque fraction (>1 mm, 
>500am, >100 /im) est reraise en suspension dans 100 ml 
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de milieu MSBl frais en erlenmeyers de 250 ml. Ces 
nouvellec suspensions sont: a nouveau aqitees a 200 
RPM. I/' observation des differentes suspensions 
cellulaires etablies a partir des differents genotypes 
ont permis de distinguer deux types cellulaires : 

* type habitue (A) : suspension fine, verte a 
croissance rapide, regenere ponctuellement des 
formations vitrifiees se developpant dif f icilement , 

* type noduleux (C) : suspension d ' agregats 
compacts jaunatres, a croissance plus lente, regenere 
plus f requemment que la premiere, des structures 
embryonnaires compactes se developpant assez bien. 

EXEMPLE 11 : TRANSFORMATION DE SUSPENSIONS 
CELLULAIRES ET DE JEUNES CALS 
Suspension cellulaire 

La transformation est faite sur des suspensions 
cellulaires apres 3 semaines de culture, sans 
repiquage. 

Dans un tube plastique, sterile et gradue, on 
recueille une partie de la suspension de maniere a 
avoir 5 ml de cellules tassees dans 10 ml de milieu. 
10 ml milieu MSBl frais sont rajoutes= La nouvelle 
suspension ainsi obtenue est distribuee dans quatre 
boites de petri a raison de 5 ml par boite. 

Les souches d ' Aqrobacterium tumef aciens testees 
sont LBA 4404, EHA 101, 058 '3-. Chacune de ces souches 
contient des vecteurs binaires portant les genes 
construits (exemples 5 et 6) et plus particulierement 
le vecteur pGA-^-3-lB (exemple 8) • 

Les souches bacteriennes sont conservees a -20 
dans 15 % de glycerol. 50 ^1 de chaque souche sont 
preleves et mis en culture dans 2 ml de milieu LB + 
rifampicine 4- tetracycline. Les cultures sont agitees 
a 2 00 RPM a 3 0''C pendant 2 jours. Chaque souche est 
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repiquee dans du milieu frais et cultivee dans les 
conditions decrites plus haut pendanr. une nuit. 

Quand les bacteries sent ainsi pretes , 
1* infection des cellules vegetales est faite : 

- 5 0 /il de chaque souche poussee une nuit sont 
preleves et ajoutes a une des boites de Petri 
contenant les cellules de betteraves decrites plus 
haut 

- la coculture des cellules de betterave et des 
bacteries se fait a 1 ' obscurite pendant 3 jours en 
chambre de culture 

Apres ces 3 jours, des cellules vegetales sont 
lavees pour eliminer la bacterie, une premiere fois 
avec du MSBl + 600 mg/1 de cefotaxime 
(bacteriostatique inhibant la croissance 

d ' Aqrobacterium ) , puis une deuxieme fois dans du 
milieu MSBl + 300 mg de cefotaxime 

- les cellules ainsi lavees sont mises en culture 
sur un disque de papier Whatman sterile depose sur du 
milieu MSBl + CK (tableau 3) , en boites de Petri (la 
kanamycine est 1 ' agent selectif peirmettant aux seules 
cellules transformees de se developper) . Les boites 
sont scellees avec du scello-frais et mises en chambre 
de culture. 15 jours apres, les f litres portant les 
cellules vegetales sont repiques sur du milieu frais 
MSBl + cefotaxime + kanamycine 

- 3 a 8 seraaines apres la coculture, des cals 
blancs apparaissent sur un lit de cellules mortes. 

Quand ils sont suffisamment developpes, ces cals 
sont repiques soit sur milieu MSBl ■+- CK ou MSBl + C ; 
la plupart des cals poussent sur les deux milieux, Un 
test histochimique (Jefferson, 1987) pour deceler 
l*activite de la proteine codee par le gene de la 3- 
glucuronidase dans les cellules de ces cals, a permis 
d'evaluer a environ 80 % le taux de cals positifs pour 
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ce test. Ceci confirme done le caractere transgenique 
de la piupart des cals obtenus . 

Le fait de cultiver ces cals sans 1* agent 
select! f (kanamycine) ne seitible pas modifier 
1 ' expression du gene GUS . De plus , apres un mois de 
culture sur milieu avec cefotaxime, les cals peuvent 
etre sevres de cet antibiotique sans que la bacteria 
se developpe sur le milieu . 

Done, un mois apres le clonage des cals, on peut 
se passer d'aj outer les deux antibiotiqxies dans le 
milieu de culture , sans inconvenient apparent . Ceci 
peut representer un atout pour la regeneration. 
Dispersion de cals nouvellement induits 
Au lieu de transformer des suspensions 
cellulaires induites depuis plusieurs mois (et ayant 
hypothetiquement perdu de leur potential de 
regeneration) , de jeunes cals fraichement induits 
d'explants foliaires (Saunders et al, 1986) etaient 
transformes. Le potentiel organogene de ces cals 
transformes pouvait ainsi etre investigue. 

Pour tester cela, des cals juste apparus depuis 2 
a 6 semaines sur feuilles de serre ont ete preleves. 
Ces cals ont ete disperses dans un milieu MSBl liquide 
en tubes plastiques steriles, et le meme protocole de 
transformation q^ie pour les suspensions cellulaires a 
ete applique. Des cals transformes ont ainsi ete 
selectionnes par cette voie. 

EXEMPIJE 12 : EXPRESSION DES GENES POUVANT INHIBER 
LE DEVELOPPEMENT DU BNYW DANS DES CELLULES DE 
BETTERAVE 

Les inventeurs ont transforme des suspensions 
cellulaires habituees de betteraves avec tous les 
genes construits presentes dans les exemples 5 et 6 . 
Pour chacun de ces genes plusieurs suspensions 
cellulaires transformees ont ete initiees et cultivees 
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en presence de kanamycine 200 mg/i. A partir de 10 g 
de cellules transformees soumises a Inaction de 
cellulases et de pectinases, soit les ARN totaux, soit 
les proteines solubles totales ont ete isoles. 

Pour 1' extraction des ARNs la technique utilisant 
1 ' isothyocyanate de guanidiuin decrite par Ausubel et 
al (1987) s'est revelee la plus efficace sur ces 
cellules aux parois digerees* Les ARN totaux ont ete 
analyses par Northern blot selon Maniatis et al 
(1982). Pour 1 ' hybridation des ARN totaux contenant un 
AR14 message derive du gene de la proteine de capside, 
les inventeurs ont utilise comme sonde le fragment 
BamHI de 780 paires de bases du plasraide pBIO-3B, Pour 
ceux exprimant un ARN raessager derive du gene codant 
pour la proteine de 42 Kd, le fragment EcoRI de 1330 
paires de bases du plasmide pBIO-3-8B a ete utilise 
comme sonde . Le marquage radioactif de ces 2 sondes 
grace a de 1 ' ATP (P32) s'est fait par, la technique 
dite de 1 ' "01 igonucleot ide Primed Synthesis" (Ausubel 
et al , 1987) . 

Les resultats obtenus ont permis aux inventeurs 
de verifier la presence de tous les ARN messagers 
attendus, ce qui raontrait la f onctionnalite des genes 
chimeriques construits. Ces messagers ont une taille 
correspondante a celle indiquee dans le tableau 1 
majoree de 200 nucleotides environ. Ces nucleotides 
supplementaires situes a I'extremite 3' du mRNA sont 
dus a la partie transcrite du terminateur Nos jusqu'au 
signal de polyadeny lation et a la queue de poly-A. II 
a aussi ete observe que le promoteur Nos a une 
efficacite de transcription de 30 a 50 fois plus 
faible que le promoteur 35S dans des cellules de 
betteraves. Ces resultats sont comparables a ceux 
obtenus sur le tabac et la tomate par Sanders et al 
(1987) . 
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Bien que la transcription de tous les genes ait 

ete veT-i f "! fi(=> i i A+-~,A-t- : • 

' -^-^ uei^ts&jicixx e ae voir si la 

traduction et la production de la proteine de capside 
et de la proteine chimerique de 29 Kd a ete obtenu 
dans le cas du vecteur binaire pGA-^-3-lB. Pour cela 
il a ete realise un western blot (Ausubel et al, 
1987)) sur des proteines solubles extraites a partir 
de differentes suspensions cellulaires transformees 
(tampon d'extraction : uree, 9M ; ^-mercaptoethanol , 
7,5 %, SDS, 4,5 % ; pH : 6,8). Les resultats sont 
presentes dans la figure 7 ; la partie superieure du 
filtre a ete revelee avec des anticorps polyclonaux 
anti ^-glucuronidase et la partie inferieure par des 
anticorps polyclonaux anti-BNYW. La /9-glucuronidase 
est presente dans la majorite des suspensions 
transformees (bande immunoreagissante 68 Kd) , Dix 
suspensions sur les 11 testees presentent une bande 
iimnunoreactive cominigrant avec la proteine de capside 
du BNYW ainsi qu'une bande d'un poids moleculaire 
d- environ 29 Kd. L' expression de ces deux proteines 
est de I'ordre de 0,005 a 0;01 % des proteines 
solubles totales ; cette quantite atteste de la bonne 
efficacite de traduction du messager produit. II est a 
noter que la quantite de 29 Kd est particulierement 
elevee dans la majorite des transf onnants et peut etre 
superieure a celui de la proteine de capside. Le taux 
de readthrough dans les suspensions cellulaires 
habituees semble etre superieur a celui observe dans 
des racines de betteraves pour le RNA2 (Ziegler et al, 
1985) et sur des betteraves transgeniques (exemple 
15) . 
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EXEMPLE 13 : TEST DE RESISTANCE IN VITRO 
Isoleinent: et: purification de protoplastes de 
betterave 

Cinq jours apres le repiquage, 2 ml de suspension 
cellulaire tassee sont digeres dans 20 ml d'enzymes 
caylase. La composition du cocktail enzymatique est la 
suivante : 0,25 %, 345 S ; 0.25 % T ; 0 . 08 % 
dissout dans du mannitol 0,7 M contenant 0.08 mM 
NaH2P04, 0.03 mM MES et 0.68 mM CaCL2 . La pression 
osmotique est ajustee a 760 mOsmole/Kg et a pH 5,8. 
apres 16 a 18H00 de douce agitation (30 oscillations 
par minute) a 1 ' obscurite et a 24 'C, la suspension est 
filtree sur tamis de 100 et 50 /im respectivement . Le 
filtrat est additionne d*un volume egal d ' une solution 
iso-osmotique de KCl a 47 0 mM et les protoplastes sont 
sedimentes a 50 g pendant 5 minutes. Le culot est 
repris dans du saccharose isoosraotique a 570 mM et 
centrifuge a 50 g pendant 15 minutes. L'anneau de 
protoplastes est preleve , soumis a une deuxieme 
centrif ugation dans du saccharose, qui, sedimente, est 
lave deux fois dans du mannitol a 760 mOsmoles/Kg. La 
viabilite des protoplastes est quantifiee par 
coloration au diacetate de fluoresceine (Widholm, 
1972). On s' assure que la digestion est complete par 
1 ' absence de coloration de parol du calcofluor. 

L' utilisation de gradients iso-osmotiques mais de 
densites dif f erentielles a permis d'obtenir des 
preparations de protoplastes a tres hauts rendements 5 
X 10*^ protoplastes par ml de cellules tassees et 
completement debarrases de debris cellulaires. En 
moyenne, 90 % des protoplastes sont viables. 
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culture des protopla stes isoles de cellules non 

^_ ^ <-4.11 J> J, W J, lUtltJ^ 

Le milieu de culture des protoplastes est un 
milieu de macro et micro elements de Murashige et 
Skoog (19 62) ou le NH4NO3 est diminue de moitie et 
additionne de : 

lg/1 hydrolysat de caseine 

3 0 g/1 saccharose 
7,7 mg/1 glycine 

1,3 mg/1 d'acide nicotinique 
0,25 ng/1 pyridoxine 
0,25 n/1 Thiamin-HCI 

4 00 mg/1 glutamine 
25 mg/1 glucosamine 

1 mg/1 6 benzyl amino purine 
1 mg/l acide indole acetigue. 

La pression osmotique est ajustee a 760 
mosmole/kg avec du mannitol et le pH a 5,8. Le milieu 
de culture est sterilise par filtration. 

Des protoplastes ont ete isoles a partir de 
suspensions cellulaires transformees et non 
transformees. lis ont ete mis en culture dans le 
milieu ci-dessus en presence et en absence de 
kanamycine a 2 00 mg/1 afin de calculer I'efficacite 
d'etalement. Les resultats demontrent que les 
protoplastes isoles a partir de cellules non 
transformees ne survivent pas sur milieu select if 
contenant 200 mg/1 de kanamycine. Ceci est en accord 
avec 1- absence d • echappement dans les experiences de 
transformation. Aucune difference significative n'a 
ete trouvee entre les efficacites d'etalement de 
protoplastes issus de cellules transformees en 
presence et absence de kanamycine. Ceci confirms done 
1' absence de cellules non transformees au sein des 
lignees transformees. Lors d ' experiences comparatives 
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qui seront decrites ci-dessous, les protoplastes issus 
de 4 cypes de lignees cellulaires (^7 et ^14 expriiTiant 
la 22 Kd et la 29 Kd , WT, non transf orroees et ^5 D 
transformee par le vecteur binaire pGA492) seront mis 
en culture en absence de pression de selection. 

Infection de protoplastes de betterave par le 

BNYW 

L * optimisation de la technique d' infection s ' est 
effectuee sur des protoplastes issus de cellules non 
transf ormees . Les inventeurs se sont inspires de la 
technique d' infection par le polyethylene glycol 
decrit par Samac et al (1983) et de celle par 
electroporation decrite par Watts et al (1987) . Afin 
d'obtenir des taux eleves d ' inf ectivite , il etait 
imperatif d'utiliser des preparations de protoplastes 
depourvues de debris, ayant des taux de viabilite 
superieurs a 90 % ainsi que des preparations de virus 
agees de moins de deux seraaines. 

La frequence d' infection a ete determinee par 
immunofluorescence par une technique indirecte decrite 
par Maule et al (1980) . Les protoplastes infectes ont 
une fluorescence vert clair caracteristique , dispersee 
dans le cytoplasme ; les protoplastes non infectes 
sont marron terne. La figure 8 presente les resultats 
de 4 experiences d' infection de protoplastes de 
betterave par la technique au polyethylene glycol. II 
a ete constate qu ' apres 24 heures de culture environ 
60% des protoplastes sont infectes. Ce pourcentage 
n'evolue pas de fagon significative pour des durees de 
culture superieures a 24 h. L' infection s ' est done 
realisee de fagon quasi-synchrone . Cette figure montre 
aussi que du virus inactive par congelations et 
decongelations repetees ne se replique pas dans les 
protoplastes de betterave. Dans toutes les 
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experimentations effectuees, en moyenne 50 % des 
protopl astes sent infectes. 

Les inventeurs ont reussi a introduire des 
particules virales du BNYW en utilisant des 
impulsions electriques (technique d • electroporation) . 
Les inventeurs se sont inspires de la technique 
decrite par Watts et al (198 7) et ont utilise un 
electroporateur a decharge de capacites (Guerche et 
al, 1987) . 

L' optimisation de la technique s ' est faite en 
faisant varier la duree d' impulsion delivree par des 
condensateurs de differentes capacites at la 
resistivite du milieu d« electroporation. C'est ainsi 
que les inventeurs ont vu que deux impulsions de 10 o 
ms delivrees a 15 sees d'intervalle par des 
condensateurs de capacite 63 iiF charges a 220 V a 1 x 
10*^ protoplastes remis dans du mannitol contenant du 
CaCl2 a 5 mM en presence de 5 ^ig de BNYW permettaient 
d' avoir un taux de 55 % de protoplastes infectes, 
L- omission du CaCl2 resulte en une diminution de 
I'infectivite d'un facteur 3, bien que la viabilite 
des protoplastes soit augmentee d'un facteur 2. Ceci 
est illustre sur la figure 9. 

Infection de proto plastes de betteraves issus de 
cellule s transformees et non transforroees 

Afin de determiner si la proteine capsidaire (22 
kD) du BNYW et la proteine derivee (29kD) produite 
dans les cellules de betterave pouvait inhiber la 
multiplication du virus, les inventeurs ont inocule 
des protoplastes issus de cellules exprimant ou 
n'exprimant pas ces proteines par le virus, Les 
experiences ont ete realisees par les techniques au 
PEG et par 1 ' electroporation . L' infection a ete 
visualisee par immunofluorescence des cellules 3 0 
heures apres culture. II n'a pas ete decele de bruit 
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de fond en immunofluorescence dans les cellules 
transf ormees et exprimant la proneine capsidaire avaiit 
inoculation . 

TABLEAU 2 : infection par le BNYW de protoplastes 
issus de cellules transfonnees et non transf ormees . 



Source protoplastes 
Non Transforme Protection 

transforme CP* CP' (%) 



Experience Pll ^7 ^14 f3D 



1 


30 




1 




97 


2 


68 




10 




8 5 


3 


70 




4 




94 


4 


27 




1 




96 


5 


35 


5 






86 


6 


25 


2 






92 


7 


37 


10 




36 


73 


8 




12 




48 


75 



1 X 10^ protoplastes ont ete inocules avec 5 
de BNYW (F13 ou S2) sauf pour Inexperience 4 ou 
1 » inoculum consistait de 30 fsg de BNYW les chiffres 
representent le pourcentage de protoplastes 
fluorescents detectes 30 h apres 1 ' inoculation , CP-h et 
CP- sont des lignees cellulaires transformees 
exprimant et n*exprimant pas la proteine capsidaire du 
BNYW. 

Le tableau 2 resume les resultats obtenus avec deux 
lignees cellulaires {p7 et ;914) exprimant fortement 
deux proteines, et la lignee cellulaire transf ormee 
(pD) et la lignee cellulaire non transf ormee WT. Dans 
tous les cas, le pourcentage de protoplastes infectes 
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isoles de cellules transf ormees ^7 et ^14 est 
Bignificativement plus faible que ceiui des 
protoplastes de cellules non transf ormees . Les 
experiences 7 et 8 prouvent bien que la protection est 
bien due a la presence des proteines 22 Kd et 29 Kd 
car le taux d- infection de protoplastes issus des 
cellules de la lignee est comparable a celle des 
cellules non transf or:nees . Done le processus de 
transforxnation en lui-xneme ne confere pas de 
protection a 1 • infection par le virus. L- expression de 
protexnes etrangeres, autres que celles du BNYW ne 
confere pas non plus la protection a 1 • infection par 
ce meme virus. La protection n'est pas abolie lorsque 
l^on augmente la concentration du virus pr^sente dans 
^ xnoculuxa. Les profils densito.etriques (figure lO) 
des RNA totaux (isoles de protoplastes ^14 et WT 
xnfectes) et hybrides avec une sonde cDNA total centre 
les 4 RNA de BNYW montrent que ceux-la ne se 
replxquent pas dans les protoplastes expri.ant la 
protexne capsidaire du virus. La protection a aussi 
ete observ^e lorsque 1 ' inoculation a ^t^ effectu^e par 
electroporation indiquant q.^. 

mdependante de la ™«=^-k«^ 

•^^ methode utilisee pour 
1 ' inoculation . ^ 

Ces resultats demontrent pour la premiere fois 
que des protoplastes de betterave expri.ant la 
protexne capsidaire virale du BNYW et la proteine 
chx.erxque d.riv.e sont prot.g.s contre 1 • infection 
par ce meme virus. 

EXEKPIE 14 : REGENERATION DE PIAHTES A PAETIR DE 
CALS TRANFORMES i'AKTIR DE 

Apres un premier passage d'un mois sur M.SBl + c 
ou HSBl . CK, les cals tranfor.es sent repi^.s tous 
les mors sur MSBl. Apres des delais plus ou moins 
longs, variant d'une semaine a plusieurs „ois, des 
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bourgeons et/ou embryons regenerent sur certains de 
ces cals. 

II a ete observe qu * apres transformation les cals 
ont le meme phenotype que la suspension de depart. 
C'est-a-dire que le type noduleux ou habitue se 
retrouve apres la transformation. En outre, il semble 
que ce soit les cals tranformes de type noduleux qui 
aient la plus grande aptitude a la regeneration. lis 
permettent la regeneration de plusieurs structures se 
developpant assez bien et vite en plante, alors que 
les structures obtenues sur les cals habitues 
transformes sont tres rares , longues et tres 
difficiles a se developper en plante. 

Les structures regenerees sont tres heterogenes 
morphologiquement . Elles sont repiquees, apres avoir 
ete coupees a la base au scalpel, sur le milieu MSBO.l 
en boites de Petri. 

Quand les bourgeons commencent a developper 
plusieurs feuilles, ils sont remis en multiplication 
vegetative en pots ou boites. Les bourgeons les plus 
developpes sont alors mis en enracinement sur MS + ANA 
1 mg/l(ANA : acide naphtalene-acetic) . Les racines 
apparaissent de 2 a 6 semaines apres. 

Des que les racines sont suffisamment 
developpees, les plantes sont acclimatees en serre 
dans du terreau universal. Au bout de 3 mois, les 
plantes sont bien developpees (voir photo) et ont 
perdu la plupart des variations phenotypiques dues a 
la culture in vitro. 

EXEMPLE 15 : EXPRESSION DE LA PROTEINE DE CAPSIDE 
ET DE LA PROTEINE CHIMERIQUE DERIVES DANS LES 
BETTERAVES TRANSGENIQUES 

Bien que sachant les betteraves transgeniques , 
grace aux tests de detection du gene codant pour la 
^-glucuronidase, il n*etait pas certain que le gene 
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interessant, a savoir celui codant pour les proteines 
dc capside du BNYW, etait bien exprime dans ces 
plantes. Pour le savoir, il faut detecter ces 
proteines dans les tissus de betterave transf ormees . 
Pour detecter les proteines dans les transf ormants , il 
a ete fait appel a la technique de Western blot 
(Ausubel et al , 1987). Celle-ci consiste a faire 
inigrer les proteines solubles extraites de broyat de 
tissus des transf onnants ^ sur gel de polyacrylamide en 
conditions denaturantes (Laeimnli, 1970) . Les proteines 
ainsi separees sont tranferees par electrotransf ert 
sur une membrane de nitrocellulose. Cette meiabrane est 
ensuite hybridee avec des anticorps polyclonaux de 
lap ins diriges centre le BNYW. La revelation se fait 
par addition d' anticorps anti-lapin conjuges a la 
phosphatase alcaline, qui utilise des siibstrats 
chromogenes. La figure 11 montre le type de resultats 
obtenus, Les extraits de betterave transgeniques 
contenant le gene codant pour les proteines de capside 
montrent une bande immunoreactive migrant au meme 
niveau que la proteine de capside du virus. Cette 
bande n'est pas presente dans les extraits de plante 
non transf ormees. De plus, dans les extraits de plantes 
transformees, on detecte une bande a 29 Kd 
correspondant a la proteine chimerique derivee de la 
22 Kd par addition de 64 acides amines, due au 
"readthrough" (exemple 5) . Ces deux proteines de 22 et 
29 Kd n'ont pu etre detectees que dans des extraits de 
racines de transf ormants et pas dans les feuilles. La 
figure 11 illustre done 1' expression specif ique, dans 
les racines de betteraves transgeniques, des proteines 
de 22kD et de 29kD, malgre 1 ' utilisation d'un 
promoteur constitutif. La f onctionnalite du promoteur 
dans les parties aeriennes de la plante est confirmee 
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par 1' expression du gene marqueur GUS dans tous les 
t issus , 

Le BNYW se transraet et se developpe au niveau 
des racines, il est done avantageux que les proteines 
susceptibles d'inhiber le virus soient presentes dans 
ces organes. 

EXEMPLE 16 : OBTENTION DE GRAINES DE BETTERAVES 
TRAIISGENIQUES 

Apres 2 a 3 mois d ' accliraatation en serre des 
plantes transgeniques , il a ete constate qu'elles 
etaient phenotypiquement conformes a la plante mere. A 
ce stade les plantes possedent de 10 a 15 feuilles 
tres bien developpees, et sont toujours a 1 * etat de 
rosette. Pour savoir si les plantes obtenues sont tout 
a fait normales et notaininent fertiles, et si le gene 
introduit est transmis a la descendance, les plantes 
ont ete vernal isees pour induire la montee a graine. 
Les transf ormants primaires sont done places entre 2 
et 7'C a 1 ' obscurite pendant 3 mois, puis en champs en 
periode de jour long. Un mois a un mois et demi apres 
la mise en champ, la hampe florale commence a monter. 

La floraison a lieu trois mois environ apres la 
sortie de vernalisation, et les fruits sont murs deux 
mois apres. 

Quand les glomerules sont bien sees, ils sont 
recoltes et nettoyes. Les graines sont ainsi pretes a 
etre semees . 

EXEMPLE 17 : APPLICATION DE LA METHODE DE 
L» INVENTION A DIFFERENTES VARIETES DE BETA VULGARIS : 

Les methodes de transformation et de regeneration 
decrites dans les exemples 9 a 14 ont ete appliquees a 
des suspensions cellulaires et a des dispersions de 
cals blancs friables issues de plantes provenant d * une 
variete "elite" (variete parente d'hybrides 

commerciaux) , 
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Des plantes transgeniques exprimant la proteine 
de capsida du BNYW ont ete obtenues. Cette expression 
etait specif ique dans les racines. La variete "elite" 
ayant un environneroent genetique different, des autres 
varietes transf ormees , 1' expression specif ique semble 
etre alors conservee dans 1 * espece Beta vulgaris . 

La reproductibilite de ces techniques a ete 
verifiee en appliquant les methodes de transformation 
et de regeneration de 1 ' invention a d' autres varietes 
et en d ' autres sites geographiques par une autre 
equipe d ' experimentateurs . Dans chaque cas , des 
plantes transgeniques ont ete obtenues. 

EXEMPLE 18 : AUTOFECONDATIONS ET CROISEMENTS DES 
PLANTES TRANSGENIQUES RESISTAKTES A LA RHIZOMANIE 

Des graines transgeniques ont ete obtenues a la 
fois sur des autof econdations des plantes transformees 
et sur des croisements de ces memes plantes avec trois 
autres lignees de betteraves males steriles (une 
lignee male sterile genique monogerme, une lignee male 
sterile genique multigerme et une lignee male sterile 
cytoplasmique) . 

L' expression specif ique de la proteine de capside 
et de celle de la proteine de 29kD dans les racines de 
toutes les plantes transgeniques issues 

d ' autof econdations et de croisements a ete obtenue. 

Ces resultats attestent que cette expression 
specifique est maintenue dans un environnement 
genetique different de celui des transf ormants 
primaires . 
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REVENDICATION.q 



vegeta es transforation cellules 

vegetales appartenant a l.espece Beta vulgaris 
=ara=terrs. en ce gu.il .o.prend la .IITZT^^, 
d'une dispersion de cals blancs friaWes dZ 
milieu de culture cellulaire veg.tale l" T 
contenant o . environ 3.0 d.unl ctto.ine"^: 

conLLnt enror;i^\""""^ '^'^^'^ "-"^ 
ovtoki-,in» -a'une 
Po«ant ' ^2E2bacteriuE contenant un vecteur 

portant un gene destine a etre introduit dans les 
cellules vegetales, suivie de coculture des cellule! 
vegetales et des .act.ries pour donner lieu Ides c.L 
frxables transformes. 

en ce"<^'?rc'* ^^'^ "-ndicatlon 1, caract.ris. 
ce qu .1 oomprend les stapes successives suivantes 

I) induction de cals blancs friables a partir 
d'explant ; partir 

c"l,::!C'°Lta-^ '^"^ - =-ture 

- -J .e .=getaxe liguide contenant 0 a environ 3 0 

cellulaire a partxr des cals dans un .illeu de culture 
cellulaxre vegetale liguide contenant environ oil 
environ 3.0 mgl-' d'une cytoMnine ,• 

ril) »ise en contact de la dispersion ou de la 
suspension cellulaire, avac AarobacteriuBtupeJacien! 
con. an, Portant-tn^Tl^^^S^Tl^ 
introdUit dans les cellules vegetales, suivie le 
coculture des cellules v.,.tales et des bact.ries , 
IV, lavage des cellules v.g.tales pour .li^iner les 
bacter.es et selection des cellules transferases ^ur 
un milieu selectif ; -^wees sur 
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V) culture des cellules transf ormees selectionnees 
pour obtenir des cals friables transf ormes . 

3. Precede selon I'une quelconque des 
revendicat ions 1 ou 2 , caracterise en ce que les cals 
blancs friables sent induits a partir de jeunes 
feuilles, ayant par exemple une longueur de 3 a 5 cm, 
prelevees d * une plante agee de moins de trois inois. 

4. Precede selon I'une quelconque des 
revendicat ions 1 a 3 caracterise en ce que la 
dispersion des cals s'effectue dans un milieu de 
culture cellulaire vegetale contenant de la 6- 
benzylaminopurine (BAP) , plus particulierement environ 
Imgl""" BAP. 

5. Procede selon I'une quelconque des 
revendications 1 a 4 , caracterise en ce que la 
suspension cellulaire est obtenue par mise en culture 
pendant 2 a 3 semaines des cals blancs friables ages 
de 4 a 6 semaines dans le milieu de culture additionne 
de cytokinine , le milieu etant agite pendant cette 
periode, suivie de repiquage de la suspension ainsi 
obtenue sur du milieu de culture frais, donnant lieu a 
deux types cellulaires, notamment type habitue et type 
noduleux . 

6. Procede selon la revendication 5, caracterise 
en ce que le milieu de culture est additionne de la 
6-ben2ylaminopurine (BAP) , plus particulierement 
environ 1 mgl"'' BAP. 

7. Procede selon 1 * une quelconque des 
revendications precedentes, caracterise en ce que le 
milieu de culture cellulaire vegetale est le milieu de 
Murashige et Skoog (1962), dit milieu M.S. 

8. Procede selon 1 ' une quelconque des 
revendications precedentes, caracterise en ce que la 
coculture de cellules vegetales et des bacteries 
s'effectue pendant 3 jours dans 1 ' obscurite sur un 
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milieu de culture cellulaire vegetale tel que le 
milieu MS, event-uellement. additionne de cytokinine, 
par exemple environ 1 mgl'"' BAP. 

9. Precede selon I'une quelconque des 
revendications precedentes , caracterise en ce que 
1 ' elimination des bacteries s'effectue par lavage des 
cellules vegetales avec un milieu de culture 
cellulaire vegetale contenant un agent 
bacteriostatique inhibant la croissance 
d ' Aqrobacter ium , par exemple le cefotaxime. 

10. Precede selon I'une quelconque des 
revendications precedentes, caracterise en ce que la 
selection des cellules transformees s'effectue sur un 
milieu contenant de la kanamycine. 

11 . Precede selon 1 ' une quelconque des 
revendications precedentes, caracterise en ce que la 
culture des cellules transformees selectionnees 
s'effectue sur un milieu de culture solide, tel que le 
milieu M.S solide, additionne de cytokinine, d' agent 
bacteriostatique et d' agent selectif. 

12 . Precede selon 1 ' une quelconque des 
revendications 1 a 11 caracterisee en ce que le gene 
destine a etre introduit dans les cellules vegetales 
est cheisi parmi un gene conferant un caractere 
d'interet agrenomique ou industriel, par exemple un 
gene de resistance a 1 ' infection par un virus , tel 
qu'un gene codant pour la proteine de capside du virus 
BWYV ou du virus BNYW , un gene conferant une 
resistance a un herbicide ou a un insecticide^ ou 
encore un gene dent 1 'expression confere la sterilite 
male 

13. Precede de regeneration de bourgeons et/ou 
d'eiT±>ryens transgeniques appartenant a I'espece Beta 
vulgaris a partir d'explants, caracterise en ce qu " il 
comprend les etapes success ives suivantes : 
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I) obtention de cals friables transformes selon I'une 
quelconque des revendicaticRS 1 a 12 ; 

II) repiquage des cals transformes sur un milieu de 
culture contenant O a environ 3 mgl'^ d ' une cytokinine, 
et eventuellement un agent bacteriostatique et un 
agent selectif jusqu'a 1 • apparition de bourgeons et/ou 
d ' embryons transgeniques . 

14. Precede selon la revendication 13, 
caracterise en ce que le milieu de culture est le 
milieu M.S additionne d' environ Imgl'^ BAP et 
eventuellement environ 300 mgl"^ cetotaxime et 200 mgl"^ 
kanamycine . 

15. Precede de regeneration de plantes 
transgeniques appartenant a 1 ' espece Beta vulgaris, 
caracterise en ce qu • il comprend les etapes 
successives suivantes : 

I) regeneration de bourgeons et/ou d' embryons 
transgeniques selon le precede de la revendication 13 

II) repiquage des bourgeons et/ou des embryons 
transgeniques sur un milieu de culture tel que le 
milieu M.S additionne d • environ 0.1 ragl-'' cytokinine, 
par exemple de la BAP ; 

III) remise des structures regenerees en 
multiplication vegetative suivi. d ' enracinement sur un 
milieu de culture tel que le milieu M.S contenant de 
I'acide naphthalene acetique, par exemple environ 1 
mgl'^ . 

16. Precede de production de graines de plantes 
transgeniques appartenant a 1 ' espece Beta vulgaris 
caracterise en ce que qu'il comprend les etapes 
suivantes : 

I) regeneration de plantes transgeniques selon le 
precede de la revendication 15 ; 
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II) vernalisation des plantes transgeniques et recolte 
des graines apres floraison. 

17. cals friables trans formes appartenant a 
I'espece Beta vulgaris et pouvant etre produits selon 
I'une quelconque des revendications 1 a 12 . 

18. Bourgeons et/ou embryons transgeniques 
appartenant a I'espece Beta vulgaris et pouvant etre 
produits selon I'une des revendications 13 et 14. 

19. Plantes transgeniques appartenant a I'espece 
Beta — vulgaris et pouvant etre produits selon le 
precede de la revendication 15. 

20. Graines de plantes transgeniques appartenant 
a I'espece Beta vulgaris et pouvant etre produits 
selon la revendication 16. 

21. Plante transgenique appartenant a I'espece 
Beta vulgaris et resistante a 1 ' infection par le virus 
des nervures jaunes et necrotiques de la betterave a 
Sucre (BNYW), ladite plante etant transformee d'une 
maniere stable par un fragment d'acide nucleique, dont 
le produit d' expression est capable de conferer ladite 
resistance, ledit fragment etant derive de I'extremite 
5' de l'ARN2 genomique ou subgenomique du BNYW, ou du 
cADN correspondant, ce fragment codant pour au moins 
une partie des proteines codees par les nucleotides 
145 a 3285 de la sequence sauvage de l'ARN2, et etant 
sous le controle d'un promoteur permettant 
1' expression du fragment dans les cellules de la 
plante et etant dans 1 ' orientation sens ou antisens. 

22. Plante transgenique, selon la revendication 
21, dans laquelle ledit fragment code pour au moins 
une partie de la proteine codee par les nucleotides 
145 a 2218 de l'ARN2 ou pour une variante de cette 
proteine presentant une homologie d ' au moins 80 % et 
comportant 1' insertion, la substitution ou la deletion 
d'acide(s) amine(s). 
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23. Plante transgenique , selon la revendication 

22, dans laquelle ledit frag^ment cede pour la proteins 
codee par les nucleotides 145 a 708 et, en outre, pour 
una partie de la proteine codee par les nucleotides 
709 a 2218 de l'ARN2 du BNYW. 

24. Plante transgenique , selon la revendication 

23, dans laquelle ledit fragment code pour la proteine 
codee par les nucleotides 145 a 871 de l'ARN2 du 
BNYW. 

25. Plante transgenique, selon la revendication 

24, dans laquelle ledit fragment est compose par les 
nucleotides 91 a 871 de l'ARN2 du BNYW. 

26. Plante transgenique, selon la revendication 
22, dans laquelle ledit fragment code pour au moins 
une partie d ' une variante de la proteine codee par les 
nucleotides 145 a 2218, ladite variante se distinguant 
de la sequence sauvage par la presence de la sequence 
Glu Asp Leu Pro qui remplace les acides amines His ALa 
codes par les nucleotides 253 a 258 de la sequence 
sauvage . 

27. Plante transgenique selon la revendication 
26, dans laquelle ledit fragment code pour une partie 
de la variante et est compose par les nucleotides 91 a 
871 de la sequence sauvage, les nucleotides 253 a 258 
de la sequence sauvage etant remplaces par ceux codant 
pour Glu Asp Leu Pro - 

28. Plante transgenique, selon la revendication 
26, dans laquelle ledit fragment code pour une partie 
de la variante, ladite partie correspondant a celle 
codee par les nucleotides 145 a 255 dans la sequence 
sauvage, les nucleotides 253 a 255 de la sequence 
sauvage etant remplaces par ceux codant pour Glu. 

29. Plante transgenique, selon la revendication 
26, dans laquelle ledit fragment code pour une partie 
de la variante, ladite partie correspondant a celle 



wo 91/13159 ^ ^ 

^ PCT/FR91/00170 



68 

codee par les nucleotides 256 a ati ^ 

sauv^rro 1.. ^ ^ ^^"^ la sequence 

sauvage etant re.places par ceux coLnt 

Pro. ^ codant pour Asp Leu 



30. Plante transgenique, selon ^^ 
une partie d'une variants rt. , 

la ..^ence .auva"e' par la T"'"^ -^istinguant 
Arg ser Ser Glv »„ ! P'^^^^nce de la sequence 

nuci/oTide % r:;/:: r'"^ 

=^<^e„« Arg s.r Ser oZ , 

la proteine ' -rbo.y-ter.inal 



31. Plante transgenique selon i= 

^^i.e ^"3::eroera.:z:ner„rj— ^^^^ 

de la sequence sauvaae et.nt .. , 

pour Arg Ser Ser sly stop •=^"=' 

31, :L iZtle'lTairr" ^ -endlcatlon 

la variaTte ladite parfi: ^"'^ '""^^ ""^ ^"'^^ 

==a.e par les nucLotLel TZ^'ITT ^ ""^ 

sauvage. '^^ sequence 



4 871 d. 1 . oppose par les nucleotides 641 

iri l "-age, les nucleotides .41 et 

"2 de la sequence sauvage 4tant re„places par CA I 
les nucleotides 643 a fis/i - i"-«<:es par ga et 

codant pour ser Ser Cly stop. "^"'"'^'^ ^^^^^ 

34. Plante transgenique selon i» 
21 co.prenant un .rag^ent 1 \ , e^tlL, 7TT'°" 
subgenomigue du BNYW, ou du cAD» 

fragment codant pou; au l-'iit 

pour au noins une partie de la 
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proteine codee par les nucleotides 2133 a 3285 de 
l*Ai<1^2, ou pour une variants de cette proteine 
presentant au moins 80 % d'homologie et comportant 
1' insertion, la substitution ou la deletion d'acide(s) 
amine (s ) . 

35. Plante transgenigue , selon la revendication 
34 dans laquelle ledit fragment code pour la proteine 
codee par les nucleotides 2133 a 2774 de l'ARN2 du 
BNYW. 

36. Plante transgenigue, selon la revendication 
3 5 dans laguelle ledit fragment est compose par les 
nucleotides 2078 a 2774 de l'ARN2 du BNYW. 

37. Plante transgenigue , selon I'une guelconque 
des revendications precedentes, caracterisee en ce 
gu'eile exprime la proteine conferant la resistance, 
et codee par ledit fragment, uniquement dans les 
racines . 

38. Plante transgenique , selon la revendication 
37, caracterisee en ce que le promoteur controlant 
1* expression de ladite proteine est un promoteur 
constitutif, par exemple le pNos ou le p35S. 

39. Plante transgenigue selon la revendication 
37, susceptible d'etre obtenue par le precede de la 
revendication 15 . 

40. Graines de plantes transgeniques selon I'une 
guelconque des revendications 21 a 39. 

4 1 . Precede de production de plantes 
transgenigues appartenant a I'espece Beta vulgaris et 
resistante a 1' infection par le BNYW, ladite plante 
exprimant, specif iquement dans les racines, une 
proteine capable de conferer ladite resistance, ledit 
precede comprenant la transformation, par 
1 ' intermediaire d ' Aqrobacterium tumef aciens , de 
cellules provenant de Beta vulgaris avec un des 
fragments d'acide nucleique tels que decrits dans 
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I'une quelconque des revendications 1 a 16 la 
transcription audit fragment etant sous le con;:r61e 

oarL H Plante transgenique a 

partir des cellules transf ormees . 
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FIGURE 9 
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FIGURE 11 
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